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PREFACE TO THE SECOND EDITION. 



The manner in which the first edition of this book has 
been received both by the Press and the public, besides 
being gratifying to myself, shows the necessity there 
was for a work of the kind. 

During the last eighteen months the slate trade has 
passed through a severe depression. Happily, while it 
was the last branch of industry to succumb to the bad- 
ness of the times, it is one of the first to show signs of 
revival. 

It is plain, I think, that while North Wales will 
continue to own the supremacy as a slate-producing 
country, she will not possess the monopoly of the 
industry in the future. My hope is that both masters 
and men will do their best to retain and extend the 
importance of this truly British industry. 

D. C. DAVIES. 

Ebital Lodge, near Obwestbt: 
Ausrust 1880. 
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I HATE STBiVEN in the following pages to place in as 
clear and concise a form as possible the substance of 
our knowledge on Slate and Slate Quarrying. The 
great and increasing importance of the subject, and of 
the trade connected with it, seemed to me to demand 
that some such attempt should be made in which the 
question should be treated alike with greater compre- 
hensiveness and more minuteness of detail than it has 
hitherto received. I hope my endeavour to accomplish 
this may prove successful^ and that the book may be of 
value and use to all those who are interested, either scien- 
tifically, commercially, or professionally, in the subject 
of which it treats. The practical man will not, I hope, 
be the worse for reading so much of science as the book 
contains, and the scientific man will not, I am sure, 
despise the combination of science with practice which 
is here attempted. Both sides of the subject should 
be interesting to the engineer ; and to the younger 
aspirants to that profession in its various branches 
the book may, I hope, be found especially useful. My 
desire has been to make it a permanently useful book 
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of reference, and I trust the tables and estimates it 
contains may prove as useful and reliable as I have 
sought to make them. Besides my own personal know- 
ledge of the subject I have gladly availed myself 
of help wherever it could be obtained. My thanks 
are especially due to my many friends among quarry 
owners and managers for the generous aid they have 
given me,* and they will not, I hope, suspect me of any 
want of courtesy to them because I do not individually 
mention their names. The literature on the subject is 
but scanty, and it may be thus briefly described : — 

Besides the references to it that are contained in 
larger works, such as Davies' ' Eeport on North Wales,' 
Eamsay's ' Geology of North Wales,' Hull's ' Building 
Stones of Great Britain,' De La Beche's ' Geological 
Eeport on Cornwall and Devon,' Sedgwick's various 
memoirs, and similar books, five pamphlets have been 
specially devoted to the description of slate and slate 
quarries during the last twenty years. Of these the 
four first were reprints of letters that had appeared in 
the ' Mining Journal,' and the fifth a reprint of similar 
letters contributed to a local newspaper. 

The first of these, 'Slate Quarries in Wales,' by 
Thomas Cooper Smith, appeared in 1860, and the interest 
shown in the subject is evidenced by the fact that three 
editions of five thousand each were exhausted in about five 
years. The design of the pamphlet is to show the eligi- 
bility of slate quarries as an investment, but it also 
contains some interesting special information relative 
to particular quarries. 
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' Slate Quarries as an Investment ' is the title of a 
similar pamphlet issued in 1865 by John Bower, 
D.C.L., Barrister-at-law. A considerable portion of 
this pamphlet is occupied with the effort to show 
the superiority of slate quarries to collieries as an in- 
vestment. It also has reference to terms of lease, and 
the means of finding a quarry. 

*The Slate Trade of North Wales,' by 'Joseph 
Kellow, quarry engineer, and twenty years of practical 
experience,' published in 1868, is replete with admoni- 
tions and cautions with respect to quarry managers, 
to whom it gives useful directions as to the opening 
out of chambers, with other practical details. 

By far the ablest of these pamphlets is that of S. S. 
Pattison, F.G.S. 'Slate and Slate Quarries Geologi- 
cally and Commercially Considered.' Mr. Pattison is 
known in London as a good geologist and a good 
lawyer^ with a special knowledge of mining matters, 
and his pamphlet is eminently scientific and practical 
as far as it goes. It is also, as we should expect, free 
from the absurd, if it were not also mischievous, plan 
of ' pitting ' practical against scientific knowledge, 
which too often disfigures books on mining matters. 

' The Slate Quarries of North Wales,' published in 
1873, is a reprint of a very readable series of letters 
contributed by an unknown author to the * Car- 
narvon Herald.' The writer had visited most of the 
quarries in North Wales in the interest of the paper, 
and the result is a large amount of special information 
relative to particular quarries, and to the social con- 
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dition of the quarry-men, all of which is put together 
in an interesting manner. 

Some information on the subject is also contained 
in a prize essay on the Geology of Carnarvonshire, by Mr. 
Gr. E. Thomas, C.E., written in 1874. 

None of these pamphlets are illustrated, and the 
four reprints of letters to the ' Mining Journal ' are, 
I think, now out of print. 

A practical and sensible paper on the working of 
the Festiniog Quarries, by Messrs. Langley and Bellamy, 
has also just been issued by the Institution of Civil 
Engineers. 

As far as was practicable I have availed myself 
of the help afforded by these various pamphlets, 
and the references contained in larger works. My 
thanks are also due to my son, Mr. E. H. Davies, for 
bis assistance in the preparation of the plans and 
sections by which the book is illustrated. 

I trust that the book will do its part in helping to 
further remove what has grown into a great national 
industry out of the region of speculation and to place 
it on a sound scientific and commercial basis. 

D. C. DAVIES. 

Ebnal Lodge, Oswestry: 
November 1877. 
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CHAPTER L 

POSITION AND ORDER OF THE MATERIALS 

OF THE EARTH, ETC. 

From the varied character of the surface of the earth, 
broken up as it is into sea and land, cliffs and gorges, 
valleys and mountains, ridges and peaks, we are able to 
examine the materials of which the earth is made, 
down to a depth of about fifteen miles. It has by this 
examination been ascertained that the rocks, generally 
known and described as strata, which compose this 
great thickness of material, lie on each other in a 
regular order, which is never, except by some local 
cause, reversed. These strata have further been di- 
vided into groups, which are distinguished from each 
other by the remains of former life that they contaiu, 
and which are more or less peculiar to each group. 
They are also distinguished by prevailing mineral 
characteristics. These groups of strata are now knowa. 
by namess which have for the most paTt\>eeii giNeviVo 

f 
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them by those explorers who paid special attention to 
them. The names are often derived from the towns 
near to which the groups of strata are best developed, 
and where they were originally studied. Thus the 
'Llandeilo' group, takes its name from the town of 
Llandeilo, in South Wales ; the * Bala' group from that 
of Bala, in North Wales ; and the ^ Wenlock ' group 
from the little town of Wenlock, in Shropshire. Some 
of them are named after their distinguishing mineral 
characteristics, as the ' Carboniferous Limestone,' the 
'Coal Formation,' and the 'Old' and the 'New Eed 
Sandstones.' The annexed table affords a general 
view of the order and succession of these various groups ; 
and a perusal of it, especially of the lower portion of 
it, will enable the reader to understand the position in 
the series occupied by the great slate-bearing deposits 
of the world. 

To a greater or less extent slates and thin slabs, 
which have been used for the purposes of slates, are 
obtained from most of the foregoing strata; but the 
principal slate-producing rocks are those which lie 
below the ' Coal Formation,' In North Wales, which is 
by far the chief slate-producing country of the world, 
and to which most reference will be made in the fol- 
lowing pages, the slates are obtained from the Cam- 
brian, Lower and Upper, the Llandeilo, and the 
Wenlock strata, with possibly a few from the lower 
portion of the Bala group. 

The general character of the strata comprising 
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these slate-bearing groups may be described as beds of 
pebbles, sand, mud, and clay, each constituent prevail- 
ing in its turn. The beds were deposited in ages very 
far back, at the bottom of the sea, and in process of 
time they have been hardened into stone, and lifted up 
so as to form dry land. Between these beds, which we 
call sedimentary, there lie bands of harder matter, that 
vary very much in thickness. Some of these hard 
beds lead us to the inference that they have been 
ejected through cracks and openings in the strata 
below, as so much molten matter from fiery depths 
within the earth. These ancient cracks are now dis- 
cernible in the shape of long dykes of greenstone and 
similar substances that fill up the original fissures ; in 
bosses of the same materials, where the openings were 
limited and of irregular shape, and also in beds where 
the ejected materials were plentiful enough to flow far 
and wide over the strata previously deposited. These 
hard rocks have, as we shall see, had a good deal to do 
in the process by which the slate rocks have been 
brought into their present condition. It is the finer 
muddy portions of the sedimentary strata which, by a 
succession of chemical and mechanical processes, have 
become altered into slate. That these beds were 
originally deposited as so much mud in the sea we 
know, because, not to mention other reasons, they con- 
tain abundantly the remains of former sea-life, which 
lie along the planes of the bedding, and which even in 
slates, altered and cleaved, may be discerned in the 
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bands and ridges by which they are crossed. It is not 
my purpose to describe these organic remains or fossils 
of the slate beds, but I may say generally that they 
belong to the lowly forms of sea-life. Zoophytes — 
corals and seaweeds ; Mollusca — shell-fish ; and Crus- 
tacea — crab-fish, shrimps, and lobsters ; no traces of 
fishes having a backbone being found until we reach 
the beds above the Wenlock group. Those of my 
readers who would like to become acquainted with the 
fossils of these old strata may study Ramsay's * Geology 
of North Wales,' Sedgwick and M'Coy's * Palaeozoic 
Socks and Fossils,' and the * Synopsis of Palaeozoic 
Fossils,' in the Cambridge Museum. Taking the pre- 
sence of these fossils in the strata we have to consider, as 
a proof that such strata were quietly deposited in an 
horizontal position, or nearly so, in ancient seas, we may 
from this point proceed to consider the inquiries — What 
were these old mud beds made of? How did they 
derive their colour? What were the peculiarities of 
their depositions, as these affect the slates they now 
yield ? and what has been the process by which these 
ancient mud beds have been hardened into slate, and 
by which it has become possible to split them into thin 
plat-es in a direction quite different from that of their 
original bedding ? 



CHAPTER II. 

MINERAL COMPOSITION OF SLATE HOCKS, ETC. 

Fkom what I have already said, it will be inferred that 

slate occura iB beds and not in veins, as is commonly 

supposed. Fig. 1 shows the difference between a vein 

Fio, 1. and a bed, and slate beds 

i succeed each other as the 
beds do in the diagram. 
When the word ' slate-vein ' 
is used in this book, in ac- 
iTifrf.. BKrf«. eordance with popular cus- 
tom it means a bed: perhaps a stricter use of the 
term ' vein ' would be to use it only with reference to 
those portions of a slate bed in which the cleavage is 
most perfect. 

There is a great variety in the materials of which 
a slate bed is composed. When Bakes of mica enter 
largely into its composition it is called mica slate ; 
when talc is present it is known as talcose slate ; slate 
in which hornblende prevails is hornblende slate. These 
varieties, though used for various purposes, have not 
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the commercial importance of clay slate, from which 
common variety of the material all the roofing slates 
of commerce are derived. The following analyses of 
five diflferent kinds of slate will explain its ordinary 
composition. Its specific gravity is about twice that 
of water. For practical purposes it may be taken that 
one cubic foot of slate weighs 180 lbs. 

The density of the material and its power of re- 
sisting pressure is very great. On an average it takes 
20,000 lbs. weight to crush one cubic inch of slate. 
Its tenacity, and hence the power which thin plates of 
it have of sustaining great weights, is also very great ; 
the pre-eminence in this respect being accorded to the 
ordinary slates of North Wales. 

1. Analysis cf greyish-hlaok slate from Bondorf^ 
given, by Br, Bischoff: — 

SUica 62-59 

Alumina 16.88 

Protoxide of iron 8*42 

Lime 0*24 

Magnesia 2*26 

Potash 3-31 

Oxide of copper 0*13 

Carbonate of lime 1*22 

Water 403 

Carbon and loss 0*92 

100-00 

Dr. Bischoff found that there were but slight differ- 
ences between the results of thirty-six analyses made 



8 SLATE AND SLATE QUABRTINa. 

2. Analysis of ordinary Welsh roofing slate (bln^), 
given by Professor Hull ': — 

Silica 60-50 

Alumina 19*70 

Iron (protoxide) 7'83 

Lime 112 

Magnesia 2-20 

Potash 3-18 

Soda 2-20 

Water 3-30 

100-03 

3. Analysis of dark blue slate from Llangynog, North Wales, h 

Mr, D, H. Richards, Analytical Chemist of Oswestry. Analyst 

of slate dried af^OO C, : — 

Loss on ignition 3*720 

Silica 60*150 

Protoxide of iron 5*837 

Sesquioxide of iron 1*815 

Alumina 24*200 

Not determined — Alkalies, &c. . . 4*278 

100*000 

4. Analysis cf the material of the green bands in the blush- 

jnirple slates of Llanberis, m/ide at the Royal School of M.net 
for Mr, George Mam, F, G.S., of Broseley * : — 

Silica 66-45 

Titanic acid 0*63 

Alumina 13*38 

Protoxide of iron 1*71 

Peroxide of iron . . . . . 1-41 

Protosesquioxide of manganese . . 0*91 

Lime 2*86 

Magnesia 6*28 

Potash 0*05 

Soda 0*90 

Carbonic acid 1*30 

Combined water 3*90 

Hygroscopic water 0*13 

99*91 

' Mmlding-ttones of Great Britaxu. 
* Oeologioal Magaaine^ \%^%, ^. Vi"^. 



COLOURING MATTEB. 9 

In examining the same material under a micro- 
scope, the late Mr. David Forbes found a small quan- 
tity of a greenish mineral, probably chlorite. 

6. Analysis of the purple slates of NantlUf given in 
Xirwan^s * Mineralogy f* vol, I., p. 236 : — 

SiUca 48 

Argillaceous matter • • • . . 26 

Magnesia 8 

Lime . • 4 

L:on 14 

100 

These analyses will be suflBcient to show that the 
bulk of a slate deposit is made up chiefly of silica and 
alumina, and was therefore at one time ordinary clay. 
The colour of the deposit at any given place depends 
upon the quantity and nature of the mineral matter 
which we see in smaller quantities is mixed up with it. 
The ordinary colour of roofing slates is blue of different 
shades. This colour is derived from the presence of pro- 
toxide of iron, or iron and oxygen mixed in the propor- 
tion of two parts of the former to two of the latter. The 
red and purple varieties take their colour, like the marls 
of the Permian strata, from iron in the form of peroxide 
— two parts of iron combined with three of oxygen. Into 
slates of a green colour, which is the least common 
variety, iron less largely enters, and in combination with 
magnesia, gives them their greenish hue. In soft black 
slates there is a good deal of carbonaceous matter, and 
sulphide of iron, in a decomposed state, finely dis- 
seminated throughout the mass. 

•b6 
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Frequently slates have a riband-like appearance, 
bands of a different coloured material crossing the 
slate, as in fig, 2. 

In thia case we see how, at successive times, the 
p^ - deposit has been tinged with different 

coloured pigments. The same result 
would be attained if at a coal-pit 
we were to take first, a lump of the 
reddish-yellow boulder-clay and flatten 
it out upon a table, then lay a lump 
of blue upon it, and upon this a 
'mrtjf^d .V Banded l"'op of red, aud cover thia again 
^^"f^- with a lump of pale fire-clay, then 

press them all closely together, when, if we were to cut 
the whole series through, there would he coloured 
bands of the various clays. Occasionally, and espe- 
cially among the Cambrian slates of Carnarvonshire, 
we find slates blue, green, and purple, in which there 
are oval, round, and irregular patches 
of white or pale yellow (fig. 3). In 
these we have little lumps of the 
original material, from which all 
colouring matter is absent, just as in 
tbe purple clay beds of the Permian 
strata we now find small concretions 
AuMflij SLttt ^^ perfectly white clay, into which the 
coloured matter has not penetrated. 
■When tbe materials of which these ancient deposits 
were formed were washed from tbe older lands, whence 
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they were derived, and carried down to the sea by streams 
and rivers, they would be subject first of all to a sorting 
process. The heavy coarse materials would be deposited 
first near to the shore ; the finer matter would be car- 
ried further out to sea, and spreading itself over a 
large area, would be quietly precipitated to the bottom 
in deeper water. The lightest portions of all would be 
held longest in solution, and would reach the furthest 
from the shore line. The even deposition of the whole 
of these materials would be aflfected by oceanic and tidal 
currents, as well as by storms then, as now, more or 
less periodical. We might therefore naturally expect to 
find, even in the finest deposit, layers of coarser mate- 
rial — the result of such storms. Storms sweeping over 
the land and flooding the rivers would also aflfect the 
deposit. The colour would be influenced by the pre- 
sence and decomposition of any mineral ores over which 
such waters flowed. All this is true of similar deposits 
through all time. I may refer again to the marls of 
the Permian age. In sinking coal-pits through such 
marls we find all the variations of colour referred to. 
Thin beds of green, grey, blue, and purple marls. 
Massive beds of each colour, and mottled beds, answer- 
ing to the spotted slates, together with all the variations 
in the size of the material. We see the same thing in 
the muddy layers at the bottom of a pool or lake which 
has been drained dry ; and we have only to imagine such 
deposits consolidated, compressed, and cleaved, to make 
them into all the varieties of slates I have described. 
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A consideration of these simple laws of deposition 
will help us to understand that, in a slate-bed that 
extends over miles of country, we. should naturally 
expect many variations in its colour, its consistency, 
and its thickness- It may be fine and smooth here 
where the fine mud has fallen, and rough there where 
the coarser stuflF has been thrown down. It may be 
speckled with iron pyrites, or stained black with carbon 
here, where formerly sea vegetation flourished, and be 
quite free there where the sea bottom was below the 
line where such forms of life grow. It may be coloured 
purple in a particular locality, or a particular bed may 
have taken that colour where and when the water was 
tinged with peroxide of iron ; or blue, as the protoxide 
prevailed, as for the most part it did ; or green, as the 
protx)xide was influenced by magnesia. The presence 
of soda and potash in all the slate deposits is the record 
of the saltness of these ancient seas. It will be seen, 
therefore, that it is fallacious to suppose that, because 
a slate rock is proved to be good or bad in a particular 
quarry, it must maintain the same character throughout 
its entire course. Each particular portion of the range 
of a slate bed must answer for itself. 



CHAPTER III. 
ON SLATY CLEAVAGE. 

Even where a slate is of one colour, lines sometimes 
wavy but oftener straight are seen crossing it, and the 
slate must be a very perfect one on which all traces of 
these lines have been obliterated. It will be inferred 
that if these lines and the diflferent coloured layers are 
the lines of original bedding as they are, the lines 
along which slates usually split must be something dif- 
ferent ; and this is so. The direction of these lines of 
cleavage coincides with the strike of the beds, or the 
direction which the latter take across the country ; and 
it is, consequently, at right angles to the dip or 
inclination of the strata. Thus the direction of the 
cleavage in North Wales corresponds to the NE. and 
SW. lines on the map, and which show the outcrops 
of the slate beds along the great slate ranges of the 
Principality. By a reference to the general section, 
fig. 12, it will be seen that the dip of the slate beds 
is now to the NW. and then to the SE., but always 
at right angles to the direction taken by the lines of 
cleavage. 
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Cleavage occurs at almost all angles of inclination 
from the planes of bedding. Fig. 4 is an actual repre- 
sentation of a quarry 
in Carnarvonshire. 
The undulating lines 
are the lines of bed- 
ding ; the nearly 
vertical lines are 
those of the cleavage. • 
Owing to the curv- 
ings of the former, 
the lines of cleavage 
sometimes nearly co- 
incide with them, 
and cross them at all 
angles up to ninety 
degrees. 

Lines of cleavage 
were formerly often 
mistaken for lines of 
bedding, and serious 
mistakes as to the 
relative position of 
great rock masses 
were made as a con- 
sequence. Mr. Bake- 
well, in his ' Intro- 
duction to Geology,' 
published in the year 
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1815, seems to have first pointed out the distinctioD, 
when he says, ' The slaty and tabular structure are, I 
conceive, the effects of crystallisation, depending on 
the nature of its constituent parts.' In the year 1835, 
the late Professor Sedgwick treated the question very 
philosophically in his * Chemical Changes produced in 
the Aggregation of Stratified Rocks during different 
Periods of their Deposition.' * 

There is some difference of opinion among those 
who have given attention to the subject, as to the 
precise manner in which the phenomenon of slaty 
cleavage has been produced. Professor Sedgwick 
describes it as a new crystalline arrangement, like the 
laminae in a piece of spar, producing a regular cleavage 
more or less inclined to the original beds. He had 
seen the artificial production of cleavage by passing 
magnetic currents through soft masses of clay, and he 
concluded that slaty cleavage had been produced by a 
similar force. His words are, ' In the Welsh slate 
rocks we see cleavage planes pass through contorted 
strata of hard slate, obviously of sedimentary origin. 
. . . Crystalline forces have rearranged whole mountain 
masses, producing a beautiful crystalline cleavage, 
passing alike through all the strata. . . . They — the 
cleavage lines — ^appear to be only resolvable on the 
supposition that crystalline or polar forces acted on the 
whole mass, and with adequate power.' ^ 

' Trans. Geol. Society ^ N.8. vol. iii. 
* Geology of the Lake Diitrict, p. 196. 
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So Sir U. De la Beche, writing in 1839, says, 
' When we . . . consider the mineral modifications 
which the sedimentary beds have generally undergone 
since they were deposited, we are led to suspect not 
only that the lamination planes, commonly termed 
cleavage, are, as has been considered probable by some 
authors, due to pclar force^ but also that the great 
divisional planes have been equally caused by them.' * 
It is also pointed out by writers who have adopted this 
view, that the direction of the cleavage (see lines od 
map) being uniformly NXE. not only in Wales, but 
also elsewhere, coincides with the course formerly taken 
by the magnetic currents which are ever passing north- 
ward through the earth. On the other hand, we find 
the late Professor Phillips assuming cleavage to be due 
to mechanical forces that compressed the sediment at 
right angles to the direction of the cleavage. Mr. 
Sorby, who studied the subject microscopically, and 
otherwise very minutely, was also led to the conclusion 
that cleavage is the result of pressure, by which the 
sediment has been compressed to about one-half its 
original bulk, and the particles pressed with their 
flattest sides towards each other. The reader may see 
this arrangement himself, if he will grind a piece of 
ordinary slate very thin, so as to admit light through 
it, and place it under a good microscope. Mr. Poulett 
Scrope took the same view; so also does Professor 
Tyndall, who illustrates the process in the course of his 

* Geological Report of Cornwall and Devon, 
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lectures by an experiment. He takes a piece of well- 
kneaded fine white wax, which of course is one mass^ 
without any divisional lines in it. This is pressed and 
worked together between two pieces of wet glass, when 
the wax becomes rearranged^ and is easily separable into 
plates with flaky sides, just like a piece of newly-split 
slate rock. The same process is performed daily by 
housewives in the rolling of pastry between the rolling- 
pin and the board. Professor Ramsay, who of all men 
has had the most abundant opportunities of studying 
the structure of the Welsh slate rocks, follows on the 
same side. The bulk of opinion therefore, and^ as I 
think, the weight of evidence, seems to be in favour of 
the mechanical theory of the origin of slaty cleavage. 
It is nevertheless true that the same result has in 
experiments been obtained by the influence of mag- 
netic currents, so that we may readily conclude that 
the total result was facilitated by the previous long- 
continued action of chemical and magnetic forces. 
When we turn to actual facts, and see what has really 
taken place, we find in the structure of North Wales 
evidence that the two sets of forces have been con- 
current in the direction of their agency. 

Supposing the magnetic currents which formerly 
moved towards the east of north had a tendency to 
mould the sedimentary strata so that they would split 
easily in that direction, it will also be seen by a refer- 
ence to the map and to the general section fig. 12, that 
the great crumpling and rolling the strata have under- 

c 
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gone, by means of forces acting on the WTfW. and 
ESE. would produce the result of slaty cleavage at 
right angles to these forces — acting as rolling-pin and 
board — ^making the strata flaky and cleavable in the 
same direction — ^NNE. — of the magnetic currents. 

How mighty those forces were and how great the 
crumpling the strata have undergone, either by sudden 
or slowly operating causes^ will be understood by the 
great undulations of the strata, as shown in the ge- 
neral section, in which the minor contortions are of 
necessity omitted. 

Fio. 5. 




The effect of slaty cleavage is as distinct and 
persistent as the causes producing it were powerful. 
Thus we see it affecting all substances within its reach. 
Even compact limestones are occasionally affected by it 
to some extent: and at page 145 of his 'Memoir on 
the Geology of North Wales,' Professor Eamsay gives a 
notable instance of the way in which the pebbles of a 
Cambrian conglomerate (fig. 5), near Llanberis, are all 
flattened and elongated by it, and rearranged with their 
flat sides towards each other. 

The simple story then, briefly told, is this. There 
was first of all an immense quantity of mud washed by 
rains of the old lands and carried by rivers to the seas 
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This mud was made up, for the most part, of silica and 
felspar, with smaller amounts of lime, magnesia, iron, 
potash, copper, and carbon. WTien brought to the sea 
the mud was deposited in layers or beds, in which the 
remains of creatures belonging to the sea became 
imbedded. The mud, in course of time, got covered 
with other materials. The whole mass slowly hardened 
and consolidated by pressure as well as by heat. 
Lifted up out of the water, it cracked and split in 
various directions in the process of drying. Influenced 
by that law of crystallisation by which all minerals 
assume certain definite shapes, silica and felspar form- 
ing the bulk of the deposit, the mass split up, for the 
most part, into rough rhomboidal masses. This crys- 
tallisation and splitting was aided, diuing long ages, 
by magnetic currents, which passed through the mass 
to the NNE., and which gave a tendency in the par- 
ticles to arrange themselves in that direction. Then 
there came great disturbing forces, by which the beds 
-were bent and twisted in all directions. The great 
pressure attendant on these lay, as we have seen, 
between the WNW. and ESE. Between these two 
points the particles of the mass became flattened and 
compressed into about half their original bulk, and thus 
was imparted to the unbroken masses of rock that lay 
between the great cracks and divisional planes that 
tendency to peel oflf from each other which we now 
know by the name of slaty cleavage. 

c 2 



CHAPTER IV. 
ON CAUSES AFFECTING SLATY CLEAVAGE, ETC, 

Perfect cleavage. — Having noticed the means by which 
the phenomenon of slaty cleavage has been produced, 
let us next take into consideration several circum- 
stances by which the condition of that cleavage would 
be affected. As a matter of fact we find that the cleav- 
age is most perfect, straight, thin, and uniform where 
the materials are fine and of imiform nature and con- 
sistency. When this was the case there was nothing to 
hinder the uniformity of the pressure over the entire 
mass. 

Posts. — Between such beds, however, we often find 
one or more of a different texture, fine perhaps, but hard 
and compact, the materials so closely cemented together 
that the bed is but little affected by cleavage. This is 
known in quarrying as a post. Such hard beds have, 
however, had their uses, and their occurrence in a slate 
bed of considerable thickness is not altogether to be 
deplored. It seems to have been essential to the pro- 
duction of good cleavage that, as shown in fig. 6, 
tliere should not only "be pie&svjG:^ \atet^\lY between 
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the points a a to produce cleavage in the slate bed 2, 
but also that there should be at no great distance from 
each other hard beds 1 1 to keep the softer slate deposit 



Fig. 6. 
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from escaping from the force of that pressure. The 
quarrymen seem to be aware of this, hence the saying, 
^ without posts no slate.' There are posts of another 
kind. Sometimes heat from the interior of the 
earth has found its way up a crack and baked the sur- 
rounding slate rock^ sometimes to the extent of con- 
verting it into steatite or porcellanite, and often so 
destroying the cleavage as to render slate-making 



Fig. 7. 



impossible. Sometimes a mass 
of shattered rock is called a post, 
but this is a misnomer. 

Befnda. — It will be readily 
inferred that where there are 
changes in the texture, size, and 
quality of the materials of a slate ^ 
deposit, there will be consequent 
alterations in the character of 
the cleavage. A layer of coarse 
matter has bent the line of cleav- 
age, as a ray of light is bent wben it etAjfcx^ NJql^ ^^-^'SKt 
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material of water. Fig. 7 is an example of this, and 
represents a slate block, across which at a a there is 
a band of coarser material. The result of the occur- 
rence of this band is, that aa the block is split from 
B to B, each slate is bent at a a, and ie either worthless, 
or fit only for third or second quality. 

Cramps. — Again if the band a a be of a more com- 
pact nature than the rest of the mass, say having a 
larger admixture of lime, felspar, or other cementing 
matter, the result wiU be what is known as a < cramp,' 
and the slates will have a tendency to break off on 
either side of it. 

Crycha or Curia. — Sometimes the band a a occurs 
in the form of a roll or curl, when the practical result 
Fig. S. is rather worse than in either of the 

former cases. When a portion of a 
slate bed is very curly the working of 
it may be rendered unprofitable. In 
accounting for these rolls, it is easy 
for us to imagine bow in a sea de- 
posit there would here and there be 
ripple, wave, and current lines, into 
which matter would be floated different 
from the rest of the deposit, just as 
we now see similar indentations in a 
muddy beach filled with blown sand or softer matter 
ready to be covered by the next tide. Of a similar 
nature, but producing bends and contortions on a 
larger scale, are the large masses of ooncretionaiy 
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matter vhich are eometimee found in a slate bed. 
By their greater hardness they have bent the lines 
of cleavage into a series of rolls or curves. Fig. 8 
is an illustration of this. 

Hardened etrata. — When a slate bed is overUid by 
a deposit of febpathic, porphyritic, or ashy matter, 
which seems to have flown over it in a molten state, 
the upper surface of the „ 

bed, especially in those 
portions where the heat 
has been most intense, is 
metamorphosed, altered 
into a hard and un- 
workable condition for slates, as at b ; in fig. 9, a is 
the overlying hard rock, b is the changed portion of 
c, the slate bed. We shall have to notice several 
examples of this as we proceed. 

Dykes. — The same thing is often true of slate rock 
in the vicinity of dykes, of greenstone, or other igneotis 
or eruptive rocks, such as 
may be seen in mofit quarries. ^ 
Fig. 10 shows such a dyke 
B, traversing the slate beds I 
A A, and in all probability 
the rock contiguous to its 
course will be rendered un- 
workable. 

Sparry veiiu. — In most slate quarries may be seen 
a cluster of white veins, which, springing from the 
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bottcm of the quarry, often ramify, before they reach 
the top, into a considerable network of veins, fig. 11. 
These veins are usually filled 
with white quartz, and are 
known as aparry veins. They 
cut the slate rock in their 
vicinity into fragments, and 
besides this the neighbour^ 
ing rock is often hardened, 
and the cleavage destroyed. 
This hardening does not seem 
to result 80 much from the presence of the quartz or 
other mineral matter in the veins, as from heat evolved 
through these crack? prior to the time when they 
became filled by infiltration or otherwise with ex- 
traneous matter. 

Wavy cleavage. — Since the period when cleavage 
was produced, the strata seem to have been subjected 
to many disturbing causes, from some of which th^ 
have been bent into rolls and curves, and thus the 
cleavage lines which originally were straight are also 
bent, and the rock rendered comparatively worthless 
for commercial purposes. 

Jointe,— Besides the original cracks and divisional 
lines resulting from drying and crystallisation, ttie 
strata, in the neighbourhood of great faults especially, 
are often much shattered, and broken up so small as "to 
render it impossible to obtain slates of sufficient size. 
Double cleavage. — The original cleavage of tli.e 
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older rocks of North Wales, which, as we have seen, 
runs SSW. to NNE. has at some subsequent period 
been followed by causes which, operating in other 
directions, have in certain districts produced a cleavage 
that crosses the original one. The effect of this where 
the force has been most intense has been to cut the 
rock up into slate pencil, and in localities more remote 
from the centre of the force to cause the slates to split 
down the middle. It follows &om the foregoing con- 
siderations that in every slate quarry there is a large 
amount of unprofitable rock. We have, however, to 
add top-rock, which, exposed for ages to the action of 
the sea, rain, frost, and atmosphere, is broken up and 
otherwise altered for the worse, and has to be removed 
to the depth of from six to twenty yards before the 
rock is found in its normal state. A large amount of 
waste is also inevitable in the working of a quarry. 
The proportion of finished slates to the entire mass of 
rock varies : one ton of slates out of twelve tons of rock 
is a good proportion, one ton out of sixteen or twenty 
is of frequent occurrence, and I have an example before 
me of a good paying quarry, where one hundred tons of 
rock have to be removed for every three and a half tons 
of slates made, or one in thirty-three and a third tons. 



CHAPTER V. 

SLATE BEDS OF THE LOWER CAMBRIAN ST^ 

OF NORTH WALES. 

In proceeding to describe in detail the various gj 
of slate-yielding rocks in North Wales, I wonlli 
explain the relation sustained to each other by till 
line map (frontispiece), and the diagram section, £^ 
The lines on the map represent the leading slate t 
of North Wales. Each line is numbered^ and a < 
sponding number is placed on the general section 
about the point where the line crosses it, or would 
it if it were prolonged far enough. All faulti 
minor details are purposely omitted from this » 
in order that the attention of the reader may n 
diverted from the main purposes intended to be 6 
by.it, and which are, first, to show the general geol 
structure of North Wales, and, secondly, to giv 
main divisions of the successive strata. The c 
will be given as far as is practicable in sections 
trative of each slate range. 

Slate range of line 1. — Beginning at the left 
or western end of the section, I will commence n 
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description of the slate beds of the Lower Cambrian 
rocks of Carnarvonshire. These rocks are the lowest, and 
therefore the oldest, rocks in North Wales. The name 
was given to them by the late Professor Sedgwick after 
the coimtry itself, because of their great development 
in the principality. In Carnarvonshire their thickness 
is estimated at about 3,000 feet. It will be observed 
that they rise to the surface again in the middle of the 
section in Merionethshire. From this point they again 
dip imderground, but they come to the surface again in 
Shropshire in the Longmynd hills, where their thick- 
ness cannot be much less than 25,000 feet. Fig. 13 
is a general section of these strata in Carnarvonshire in 
the neighbourhood of Llanberis, and a perusal of it will 
help the reader to imderstand how the 3,000 feet of 
strata are made up. 

It will be seen that at the base of the section there 
is a great mass of porphyritic rock, which passes up- 
wards into a conglomerate, in which the outlines of the 
enclosed pebbles are partly obliterated by heat. This 
is followed by the conglomerate before referred to, in 
which the pebbles are elongated and flattened by slaty 
cleavage. This conglomerate is surmoimted by a suc- 
cession of grey and green grits that form the summit of 
this lowest division of the group, the combined thick- 
ness of which is about 1,000 feet. It is the middle 
division that contains the great slate deposits. Above 
the grits just described we reach a series of green and 
purple banded slates. These are divided by a band of 



SLATE AND SLATB QDAEKTIKG. 




iijlommlis and 
ih fordjfJustA 

Paijihifriiic Beck 



LOWEB CAMBBIAN SLATE GROUP. 29 

grits from a deposit of deep purple slates. A very thin 
band of sandy limestone separates this from a series of 
slate beds of a purplish colour. Another grit band 
succeeds, and then comes the principal deposit of blue 
and bluish-purple slates. Purple slates again succeed, 
and the whole series is capped by a band of green slate 
that ranges from 20 to 30 feet in thickness. 

The entire thickness of this Cambrian slate group 
is about 900 feet, but the thickness of the whole series 
and that of individual beds varies in diflferent lo- 
calities. This slate division is followed by a succes- 
sion of grey, green, and purplish grits of an aggregate 
thickness of 1,100 feet, and which, where they are not 
disturbed by faults, dip under the Lingula flags of the 
Upper Cambrian. It may be remarked of the slates of 
this group and range generally, that they are hard, and 
have a sharp metallic ring. The hardness is said to 
increase towards the southern extremity of the line. 
The area comprised in this range is about fourteen 
miles long, extending from a point between Bangor and 
Aber on the NE. to Llanllyfai on the SW. where the 
beds are lost imder low ground. It is about five miles 
wide midway along this length, and it narrows in width 
as either extremity is reached. The quarries are situ- 
ated for the most part along the edges of the area, the 
central portion of which is occupied by the underlying 
porphyry, which is thrown up through the mass of the 
overlying beds. The two largest quarries of the range, 
as well as of North Wales, are the Penrhyn, situated 
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about five miles SE. of Bangor, and the Dinorwig, which 
are worked close to the village of LlanberiB. Apart 
from their size and commercial importance, these quar- 
ries demand special mention because in them the 
whole series of the slate beds is worked. Fig. 14 is a 
section across the Penrhyn quarries, which shows the 
same general order of beds as we have in fig. 13. 




o 9 G a we the dividing grit bands ; 1 is the bed of 
green slates that lies at the summit of the series ; 2 ar& 
the purple slates ; 3 3 the great mass of blue and 
purplish-blue slates ; and 4 4 the pmrple and red slates 
that lie at the base of the series. These groups of slat* 
rocks are further divided locally as follows; — 

Llakbbris. Nabille. 

Qroup l.— Qre»» Slatei. 



Oratqi 2, — Pftrph Slate*. 
Gocb galed, oi silky red vein Silky vein 

Glfu gaied, or baid spotted bine vsln Blue mottled t< 
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Gra^ d.—Blus Skstei. 

las Bhiwiog, loyal bine vein Bed and bine striped Toin 

och Grychlyd, or cnrly red yein Bed spotted vein 

!en las, or old bine vein Pnrple vein 

och galed, red hard vein Porple striped vein 

lynrhonwy vein Faen goch, or red vein 

Of these beds the slates from the green yein com- 

land the highest price, but the sale is limited, and the 

ed is not much worked in the great quarries. It is 

Imited also in thickness ; but at G-oodman's Quarry, 

iW. of Llanberis, it attains the exceptional thickness of 

20 feet. In the southern part of the area the silky vein 

;ives slates of a beautiful rosy tint, but they are often 

oo soft for marketable purposes. The G-las galed and 

he Glas Bhiwiog are beds largely worked, the blue slates 

f the latter being the most in request. At Penrhyn 

he Glas Shiwiog is the richest worked. It loses its 

Ane colour as it is worked in depth. The CMas galed is 

lardly adapted, from its hardness, for best slates. In 

he southern district even the blue beds have a purplish 

inge. The next three are worked in most of the quar- 

ies. At the Dinorwig quarries they are very hard, 

jid often difficult to work, but when made into slates 

jid fixed they are exceedingly durable. The G-och 

^ed is less red as it is followed in depth. The Faen 

^h, or red vein, is not much worked at Penrhyn and 

)inorwig, but it becomes a valuable bed ftirther south. 

it Qlgwyn it is about sixty yards thick, and it seems 

o increase in thickness downwards* At most of the 

[uarries on the eastern side of the area there is a great 
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K^AMES AND PABTICULABS OF QUABBIES 

LDTB I OF ICAF 



AlMXATDtUi . . . . 

BRTwa Gakxost . . 

BSAICH 

BBTirHAfODTWSB« 

Bscnr ICawb . . . . 
Caubiak 

Caxsamwosx asd Bax- 

60B 

Cmrs Du 

CiLawTar 



Clodi>fabookd . 

COQC ABD DdOL 



CbfED ICaooo . 
DDMfKina . . 



FnmrHxuLoci 

GAI£r-T-JkDW 



GLTSBHOOnfY Lqiwkr 
GioTirBHoirwT Upfkb 

GOOOaLAJTB .... 
GWERSrOR .... 
XOIL Tktfaxv 

QUARBr 

Pavt-Dbi 

P iaimy 

P m i BK i a 

Pet-tb Orsiedo . . . 

SvfOra DOBOTHBA . . 

TAVTBAu;r . . . . 
Tabtbwlcb .... 
Trbblaxst 

TTDI>TV AS9XB AHD 

TT-B-LLwnr . . • 
Tt-Mawb 

Y-FOBL 



SuBBhOO 



ModTryfMn 
Bectwa Garmon . 
CQfTwyn Moaa- 
tJun.N«ntIle . 



BettwvGarmon . 
UsikbcEi^ SW. . 



NftntOe. . . . 
LlAnboris, SW. . 
IiaatQe .... 



Da 
Uflnberis, SW, 

NaatDe. . 
LUuil«i8,inL 



Do. 



KanUle. , 



Llanlxria, W. 

Do. 

Da 
Kantne, SW. 

UoATrjfaea 



Da 
Kantlle. . 

Da 
Da 
KBntIIe,& 



BettwB Gannon 

Kanille, & 
Da 
UoellETfiwn 



Vameof tte 
'Praprkux or Compuxj 



PtiTate Compasy . 

• • « • 

Ptivate Compasy . 

Bangor Slate Com- 
pany (Limited) 



Cambriaa 
Quarries Gompanj 
(Limited). . . . 



HaTward SiCo. , . 



TTww leK^oo ... 



G. W. D. ABdwkon 
anith 

WflUama kCa. 

Tklyaam Slate Com- 
pany (Limited) 

Tomer Ie (kvnpany 
(Limited) .... 

WmiamslEOa . . 



psirate Oon^iBny . . 



Dreiniog Slate 
Ca(Limttea) . . 
Lord Penrtiyn ... 



Port Bangor Slate 
Oompany (Limited) 



Pesnon b Oa • • • 



Dateofoiigii 



IMO 

• « • • 

1830 

Yerydd;] 
GitatedinUS! 



Utheator: 



1880; 
do. 1849 
1790; 
rerired 
Ko date lor dl 
warkiB^»i 
cantlfjiviifill 
.• •• 
17i0 

1810 

1880 
BBiifedllM 

1840 
BerlTedUN. 
KodateforoH 
irar)inffi» 

D& 
Ba 
Da 



1808 

PMMDt 0» 

panyisn 
MOO 
1770; 



180S 
BertfedUB 



1880; 

Oompaou^ 



* I gin the flgorai in tUf oofamm as thej are quoted fay the writer ol the 

quantities, eqiedaCy from the iBKger* 



)WEB CAMBRIAN STRATA, NORTH WALES. 

:. SECTION. 



1 or Teln of date worked, 
withxemazki 



or nd and red spotted rein 
; few jointi , 



mottled tdne; green elates of 
qnali^ 



ople spotted, jointi frequent 



Ip'd and red ; good qnalitj . . 
pie, and red spotted; red 
rein 60 yards wide^ and thiokens 
rdf 



(orple 



jis 



1 red veins ; few foot joints . 
e, striped purple and nd . . 



striped blue 



)le, and red 
do. 
do. 



I« and red 



ds or Teins 

d blue; a bed of green slates in 
ft of the others 



led 



No. of men 
said to be «n- 
ployed in 1873 



140 
30 

120 



60 
260 



4 

40 

8,C0O 

600 
70 

80 

12 



300 
40 
20 
20 



60 
8,600 



40 
20 



30 
30 



Estimated Ka 

of tone raised 

in 1873* 



6,000 



6^000 



1,600 
COuO 



1,000 



160,000 

10,000 
1,000 

1,600 



8,000 

1,000 


16,000 
26,000 


IfiOO 


2,600 


1,600 


8,600 


260,000 


660,000 



1,000 



1,000 



Approxim- 
ate Taloe 



£16,000 



18»000 



8.600 
26,0o0 



3,600 



800^000 

26,0 "K) 
2,600 

8,600 



2,600 



3,600 



i 



Resoureei (ff CamarvomMrg. I have a strong conyiotion howerer, that the 
S&e tablet at the end of Ohapter Z2IL 

*D 
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absence of joints, so mnch so as to render the quarry- 
ing of the beds somewhat difficult. Slabs of a very 
large size, np to nine yards in length, may be obtained, 
and some of the harder beds are more suitable for the 
manufacture of slabs than slates. In the quarries SW. 
of Llanberis, on the other hand, joints are of rather too 
frequent occurrence, the rock being shattered somewhat 
fix>m its nearness to large faults. Partly on this ac- 
count the quarries in this portion of the area have 
scarcely attained the dimensions and success of some of 
the others. Besides the hard grit bands that divide 
the slate beds, dykes of felspar, greenstone, and other 
eruptive rocks, traverse most of the quarries throughout 
the whole area. These run irregularly through and 
across the slate beds, as shown in fig. 10. 

The for^^ing is a list, with particulars as &r as 
obtainable, of the various quarries as they were worked 
in 1873. It is to be r^^retted that statistics of slate 
quarries are not included in the yearly volume of 
Mineral Statistics compiled by Mr. Robert Hunt, and 
published by the Creological Survey. As it is, the fore- 
going is the latest and fullest account I am able to 
give, and doubtless, at the present time, other quarries 
could be added which were not in work in 1873. 



CHAPTER VL 

LOWER CAMBRIAN STRATA OF MERIONETHSHIRE 
—SLATES OF THE LINQULA FLAGS, AND TRE- 
MADOC SLATES, UPPER CAMBRIAN, AND OF 
THE ARENIQ GROUP, 

Before leaving the slates of the Cambrian strata I 
must notice the development of the latter in Merio- 
nethshire, line I A of map and general section. These 
rocks form what is known among geologists as the 
Merionethshire anticlinal, from the centre of which, 
as is shown in the diagram section, the various over- 
lying beds dip in opposite directions. Although the 
Cambrian strata have increased in their underground 
course from Carnarvonshire to more than double their 
thickness in that county, it appears that the increase is 
by the addition of grits and conglomerates to the upper 
division of the strata. Where the lower beds come 
to the surface, the slates appear in their true position, 
and various small attempts have been made to work 
them in the valleys and on the coast near Harlech. In 
the centre of the anticlinal, near Rhinogfawr, slate 
beds are seen rising from underneath the great mass 
of the grits. For the most part the slates are covered, 

s 2 
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and much of the ground lies low. The thickness of 
these slate beds could, however, be ascertained by 
boring. Any future quarrying operations in this part 
of the district will have to be conducted, as shown 
in fig. 31, by shafts and underground workings, as in 
ordinary coal mines. 

The following section, fig. 14a, affords a good view 
of the order of the slate beds near Harlech, on the 



Fie. 14 a. 

of Lower Cambrian Stmt i 
r Harlech. 




1. mrleek Grit. 

2. SremSlaiei. 

3. Thin Bard Seek. 

4. BIm Slate*. 



5. Blinth ParpU SlaUt. 
Interitratijied nitk hard 

Bandi of SoolU. 

6. Purjile Slatet. 



SW. It IB interesting also as showing the close re- 
semblance of the order and character of the slate beds 
at this point to those of CamarvoasMre. Oidinar; 
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3n and chambered quarries would be practicable in 
s part of the range. 

Slate Beds of the Lingula Flags and Tremadoc 
ates. Upper Cambrian. — These strata are usually 
issed with the great Silurian system of rocks. They 
3re, however, originally described as Cambrian by the 
te Professor Sedgwick, the first expositor of these old 
rata. There is now a strong tendency on the part of 
ologists to revert to the original classification, and 
idopt it in this book as being more true to nature, 
d as one more congenial to my feelings of regard to 
5 eminent geologist by whom they were first ex- 
tined. These strata are best developed in the neigh- 
iirhood of Tremadoc and Portmadoc. The lower 
rtion of them take their name from the little bi 
Ive shell Lingula or Lingulella, which they contain 
undantly. These are surmounted by the slates and 
^.les which underlie the great mass of rock that over- 
ngs the little town of Tremadoc. The two divisions 
iy, for the practical purposes of this volume, be 
ouped into one. The series is about 2,000 feet 
ick in Carnarvonshire, but, like the lower strata, it 
ickens eastward, so that as it is developed around 
e Lower Cambrian beds of Carnarvonshire, it reaches 
thickness of 5,000 feet. As shown in fig. 15 they 
nsist in the lower part of black slates, which are 
cceeded by a great thickness of grey sandy slates, 
^ch form the principal division of the series. These 
'ey slates are surmounted by a band of black ala.te,%% 
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This is succeeded by a series of fine-grained slates of a 
bluish colour. Attempts at slate quarrying in this 

Fig. 15. 
I 

Lmmer j^ l/f^r Caamkrian -, — ^' 

Camkr'ua^\ alout JOOOf^ 




Lingula FUiys. Trtmadoc iSlatet, 

group have, with a solitary exception, been unsuccessful. 
The cause of this failure is twofold. First, nearly the 
whole series is largely stained with iron ; and, secondly, 
the stratification embraces a variety of materials, and, 
as a consequence, the cleavage is irregular and uncer- 
tain. The exception to these failures is the Arthog 
Quarry, on the south side of the Barmouth estuary, 
line 2 of map and section. The slates are not fine or 
quite free from pyrites, but they are marketable. It 
is probable that this quarry is worked in the Tremadoc 
slates, which lie near the top of the group, and con- 
sequently are higher in the series than those of the 
quarries nearer the sea. It is possible that future 
explorations around the Merionethshire anticlinal may 
reveal more promising localities, especially in the blue 
slates near the summit of the group. The quantity of 
slates sent by rail from these quarries last year was 669 
tons. Including those sent by water, we may estimate 
the entire produce at 1,500 tons. 
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Slates of the Arenig Strata. — Resting upon the 
Tremadoc slates we find a thick zone of strata, which 
were originally described by the late Professor Sedg- 
wick as the ' Arenig group.' The name is taken from 
the Arenig mountains, about twelve miles west of the 
town of Bala, N. Wales. Subsequently for a time, and 
while but little understood, they were classed with the 
Lower Llandeilo beds, described by the late Sir R. I. 
Murchison. Latterly much attention has been given 
to them, and, as in the case of the beds last described, 
there is a strong tendency to revert to the old name. 
For the reasons before given I use it now. The group 
in its natural position rests immediately upon the Tre- 
madoc slates, but there is evidently a wide gap in time 
between the two groups. As far as at present known, 
only one of the many fossils which are found in the 
Lingula flags and Tremadoc slates is found as well in 
the Arenig beds. Lists of the fossils of the two groups 
may be found in Ramsay's ' Geology of North Wales,' 
and in the * Catalogue of Cambrian and Silurian Fossils,' 
published by the University of Cambridge. The strata 
have usually a dark colour ; they are comparatively 
free in the lower . part from eruptive rocks, as well as 
from interbedded lavas. These, however, do appear 
towards the siunmit of the series. The Crown Slate 
Quarry, near Dolgelly, a little to the east of the centre 
of line 2 of map, is worked in this series. So also is 
the Maengwynedd Quarry, near Cader Berwyn, a little 
to the east of the NE. end of line 3 b of map. Fig. 16 
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is a section of the strata, as proved at the latter quarry, 
and it may be taken as a fair representation of the 
upper portion of the beds. 

Fig. 1G- 
JSection of Strata under Coder j ^ \^ f' 

Berwyn. 




^^^^«li* 



Pyrites are of common occurrence in the strata 
abont Dolgelly. Under Cader Berwyn, the beds are 
comparatively free from them. The slates here arc of 
a dark blue colour, smooth, and possess a good cleavage. 
They are softer than the Carnarvonshire slates, and 
than most of those worKed in Merionethshire, between 
which and those of the Wenlock beds they seem to hold 
a middle place. The quantity of slates sent from Dol- 
gelly last year from quarries worked in these beds was 
1,506 tons; with local sales the production may be 
taken at 1,750 tons. 



CHAPTER VIL 

SLATES OF THE LLANDEILO STRATA. 

Wb now approach the consideration of a group of slate 
rocks which in importance are not surpassed by those 
of the Lower Cambrian strata of Carnarvonshire. By a 
reference to fig. 17 it will be seen that the group con- 

Fig. 17. 
Section of the Llcmdeilo Strata, 



Cymght 




sists of a succession of slaty strata which are traversed 
by three great zones of igneous or volcanic rocks, which 
are occasionally eruptive, but for the most part inter- 
stratified. At the base of the series lies a massive 
greenstone, which is largely quarried in North Wales 
for paving setts. This greenstone is a source of per- 
plexity to geologists, since it is often difficult to deter- 
mine whether it is eruptive, inasmuch as it frequently 
ignores the laws of stratification, or whether it is 
stratified, since for the most part it occupies a definite 
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position in relation to the overlying beds. It generally 
follows the stratification, and seems over considerable 
areas to form a regular bed. It has long seemed to 
me that while here and there there may be ridges and 
irregular masses that mark the openings through which 
the outflow of molten matter came from the interior 
of the earth — this matter overflowed the strata below, 
just as the succeeding porphyries, felspars, and ashes 
did, and thus we have the double phenomena of dykes 
and beds — dykes where the original cracks are filled 
with the consolidated and crystallised molten matter, 
and beds where this matter had rolled over older beds, 
to be in its turn overlaid by newer deposits. Above 
the greenstone comes a thick series of dark slaty 
beds, 5, often pyritous. These are succeeded by a 
thick porphyritic rock, 4, which, with the varying fels- 
pathic and porphyritic rock, 1, spreads over a large area 
of North Wales. Between these two lies the great 
slate deposit, 2, with occasionally, as we shall see, a 
slate bed interstratified with the lower hard rock, 4. 

These slate rocks are pierced by numerous green- 
stone, felspar, and other hard bands and dykes, 3 3 3, 
which run at all angles to the plane of the bedding. 
The beds cover a considerable portion of North Wales, 
and comprise the slate ranges along lines 3, 3a, 3&, 3c, 
3d, and 3e, of the map and diagram section. Each 
district has its own special features, and we must notice 
each separately. 

Passing by the patches of Llandeilo beds that lie 
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OD the western side of the Cambrian rocks of Car- 
narvonshire, I will begin with the firet outcrop of 
the beds on the eastern side of that area, represented 
by line 3 of map. This slate range extends from 
Criccieth on the south-west to a point between Conway 
and Penmaen-mawr on the north-east. Fig. 18 is 
a section of the strata in Cwm Trwscol, and it may 
be taken as illustrative of the arrangement of the beds 










Section of Slate Jiocka in Cwm 2'rimcol. 
Scale 1"= 80 Y-^. 

along the range, although there are of course local 
variations. It will be seen that there are beds of slate 
of different kinds, and in judging of the character of 
any quarry along the line, it will be necessary to ascer- 
tain in which portion of the strata it has hitherto been 
worked. At the southern end of the range is Hendre 
Ddu, or Prince Llewellyn Quarry. In 1873 it employed 
about twenty men, hut at present it probably employs 
more. Next in a northerly direction is Moelfra Quarry, 
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which is developing. Higher up the Pennant Valley 
is the Dolgarth or Pennant Vale Quarry. At the 
present time this quarry is not in work. The slates are 
strong, but as far as worked to the present time rough. 
At the head of the valley a small trial has been made 
in Cwm Dwyfor. The slat^es there are of a greyish-blue 
colour, and the cleavage fair. Up another tributary 
valley, Cwm Trwscol, is the Prince of Wales Quarry. 
In 1873 this quarry is said to have employed two 
hundred men, and to have raised yearly 5,000 tons of 
slate, of the value of 10,000i. The slates here are 
greyish in colour, but, as seen in the section, there are 
other kinds to be worked. At present, owing chiefly 
to a great fall of rock, it is lying idle. Crossing the 
watershed there is the commencement of quarries at 
Bwlchddeilor and Dinas Lake. The slates here are 
light blue in colour, having a thin cleavage and smooth 
surface. There is a great freedom from pyrites all along 
the range. Beyond Dinas Lake very little has been 
done by way of trial, indeed the whole district has until 
very recently been cut off from railway communication. 
The district is now approached by the North Wales 
Narrow Gauge Eailway, from Carnarvon, and by the 
Gorsedda Junction Line from Portmadoc, and it will 
probably receive more attention than it has hitherto 
received. 

From this line the strata dip easterly under the 
overlying porphyritic rock, and form a trough, in 
which to the north and south of the line of the diagram 
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eection, are piled up the beds that form the mountain 
masses of Suowdou and Moel Hebog. The strata 
emerge on the eaBtem eide of this trough, and form a 
Blate range along line 3 A. This range extends from 
the west of Tremadoc on the south-west to Conway on 




Section across the outcrop o/ the ifilale Beds at Caergort, 
near Beddgdert. 

the north-east. Fig. 19 is a section of the slate beds of 
this range, with their aasociated strata. The order of 
the beds is pretty uniform along the whole line. 

The slate bed a, which immediately underlies the 
upper hard rock, has not been much proved. Some of 
the old quarries of the Snowdon Slate Co. seem to have 
been worked in it, but they appear to have been too 
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near a cross line of disturbance to be worked success- 
fully. A quarter of a mile south-west of these old 
quarries a level, twenty-nine yards long, has been 
driven into it, and shows some good slate rock. The 
main slate beds are those marked b. They consist of 
a series of bluish-grey slate beds, with a fair split, a 
moderately smooth surfece, and, as far as at present 
worked, quite free from pyrites. The most north- 
easterly quarry on the range is the South Snowdon, 
which has now reached a promising stage of develop- 
ment, but it still lacks railway accommodation. Its 
waggon, with a fine team of horses, traverses the road 
between the quarry and Portmadoc, a distance of eleven 
miles daily. Next, to the south-west, is the Snowdon 
Slate Quarry, on Bwlch Cwmllan. It has a profitable 
production of about seventy tons of slate a month, 
but it has machinery and capabilities for a much 
larger production. Some of the best blue slates in 
North Wales are made from the present quarries. 
Following the line south-west there is the Caergors 
slate property, just leased, and on which there is a 
small trial quarry. The next property, Gwemlasdeg, is 
in much the same position. Near the village of Bedd- 
gelert there are several slate properties in the very 
early stages of development. The most south-westerly 
of these is Owm Cydd, where there is a good body of 
accessible slate rock. This brings us to the large 
quarry of Gorsedda, which has been opened out on a 
very extensive scale, and possesses a tramway to Port- 
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madoc. This quarry has not been worked for some 
years, but eflforts, which it is hoped will be successful, 
are now being made to resume operations. Beyond 
this quarry, to the south-west, there are not any 
quarries or trials that require notice. 

Following the line of the diagram section, fig. 12, 

eastward, we again see the slate beds dipping under the 

porphyritic rock, and rising again on the eastern side 

of the Beddgelert or Gwynant valley. There we reach 

the slate range along line 3 b. This slate range 

extends from the banks of the river Conway, near 

Trefrhiw on the north-east, to near Tremadoc on the 

80uth-west. At the northern end are the old quarries 

of Llanyrwchwyn, with smaller surrounding ones. The 

strata at this point are mucli impregnated with pyrites, 

and for this and possibly other reasons, the quarries are 

not now worked. Following tlie line southwards we 

reach the country between Bettws-y-Coed and Capel 

Curig, where new quarries are being opened up. There 

are no trials of any importance between this point and 

the head of Llyn Dinas above Beddgelert ; here at the 

Castell a trial level has been taken about 240 feet into 

the slate bed, with good results. The slates are of a 

dark blue colour, have a fine split, and very free from 

pyrites. Many slates have also been made from a 

small open quarry. A quarry of some importance has 

also been opened on the eastern side of the range at 

Gerynt. From this point southwards the country is 

affected by the cross cleavage, to which I have already 
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referred, and by which the slates are broken up length- 
wise into ribbons and pencils. Several quarries have 
had to be abandoned in this district after the promoters 
had stniggled unsuccessfully against the eflFects of this 
later and transverse cleavage. 



CHAPTER VIII. 

SLATE BEDS OF THE LLANDEILO STRATA-^ 

continued. 

Another curve in the strata brings us to the peaks of 
the hills Cjnoicht and Moelwyn, and to the great slate- 
producing district of Festiniog, on line 3 c. 

This slate range contains numerous quarries. It 
has special features, and altogether it deserves a full 
and extended notice. The district comprised in this 
slate range extends from near Bettws-y-Coed on the 
north-east, to near Llanfrothren on the south-west, a 
length of about twelve miles. It has an average width 
of four miles. In the northern part are the quarries 
of Dolwyddelen and Penmachno — some of them old 
quarries, but none of them worked extensively, owing 
to the distance hitherto from railway communication. 
In the centre are the numerous productive quarries 
that are ranged about Duffwys. South-west are those 
of Moelwyn, Croesor, and Cynicht. Further south we 
again get into the region of cross cleavage, and produc- 
tive slate quarries cease. Fig. 17 is a general section 
through the district, which I have adapted from the 

B 
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pubKshed section of the Geological Survey. Beginning 
at the top of the section we have first the porphyritic 
rock, 1, that overlies the slates ; 2 are an easterly con- 
tinuation of the slaty beds already described in ranges 
3 A and 3 b of the general section ; 3 3 3 are bands 
and dykes of massive greenstones and rocks of a simi- 
lar origin, which here protrude through, and irregularly 
divide the beds ; 4 is the lower porphyritic rock that 
lies at the base of the great slate zone ; 5 is the zone of 
dark slaty beds, and 6 is syenite, which here takes 
the place of the greenstone that lies, as I have said, 
at the base of the whole series. The greater part of 
the quarries of the range are worked in the portion of 
the slate beds that immediately overlies the lower 
porphyries, and they are consequently lower down in 
the series than those described in the slate ranges of 
the group already described, and this is a fact which 
should be well considered in any future quarry opera- 
tions in those ranges. 

The following sections will fully explain the struc- 
ture of this portion of the slate beds. The distance 
between Ehiwbach on the north-east, fig. 20, and 
Ehiwbryfdir on the south-west, fig. 22, is about five 
miles. DuflFwys section, fig. 21, lies between the two. 
A comparison of the three sections shows a continuation 
of the same beds, and a similarity of structure over the 
whole distance. 

Fig. 22 shows the strata in greatest detail. Figs. 
20 and 21 show the variations in portions of the strata 
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northwards. At the base of the section, fig. 22, we 
have the great mass of porphyritic rock which lies at 
the base of the slate series. This, here, contains two 
slate beds, b b, which are sometimes merged into one. 
Overlying this rock is the slate bed 1, which is locally 
known as the 'New Vein'; it ranges from thirty to 
forty yards in thickness. About twenty-five yards of 
thin hard rocks, with interbedded slates, which in 
fig. 21 are miited into one hard bed, separate the 
* New Vein ' from the ' Old Vein ' 2. This is the prin- 
cipal vein of the district. In this section it is at least 
forty yards thick. Another series of hards and slates, 
which in fig. 21 are also amalgamated into one bed, 
but which in fig. 20 again resume their divided 
character, leads us up to the slate bed 3, locally known 
as the * Back Vein.' Another group of felstones, green- 
stones, and quartz veins follow, and we then reach a 
slate deposit of great thickness, which we will call the 
' Top Vein.' This series probably corresponds with the 
lower portion of the slate beds worked in the slate 
ranges to the west, which have already been described. 

I will now describe each of the slate beds sepa- 
rately. The lower beds, B b, have not hitherto been 
much proved in the district. They are said to be 
worked at the quarries of Glany-pwU, Moelwyu, and 
Wrysgan, where they resemble the bed to be described 
next, except that they are of a lighter blue colour. 

The New Vein is a bed of good slate, of a dark 
blue colour, and with a good even split. It is not, 
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however, equal in quality to the Old Vein. It has its 
' ciychs* and sparry veins and nests of pyrites here and 
there. In places too it is hardened by contact with 
the overlying rock, so that its cleavage is destroyed 
down for a considerable depth. To the north at 
Bhiwbach it is an excellent bed, 40 yards thick, and 
its slates will bear comparison with those of the Old 
Vein, next to be described. Taking the New Vein 
altogether, it may be said that a large proportion of 
the slates raised in the district are derived from it. 

The Old Vein has been worked for a much longer 
period, and it is still the fitvourite vein of the district, 
the thinnest and most flexible slates of the district 
being yielded by it. Besides the usual local variations 
produced by heat, disturbances, and the like causes, its 
diflferent parts have characteristics of their own, which 
are well defined and easily recognised by the workmen. 
The following diagram, fig. 23, with its references, 
will explain the local names, the relative position and 
thicknesses of these different portions of the bed. 

The ' Clay Slant ' consists of two thin layers of 
clay, about half an inch thick, with a bed of slate 
9 inches thick, lying between them. It lies immedi- 
ately under a hard rock, the lower portion of which 
consists sometimes of indurated slate. The Clay 
Slant is very constant, and it is to the miners a sure 
indication of the Old Vein lying below. 

The bed varies considerably in thickness. It is 
about 40 yards thick in some of the quarries about 
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Ehiwbtjfdir, represented by fig. 22. In the quarries 
near DuSwja, fig. 21, its thickness ia reduced tn about 
25 yards ; and further to the NE., as shown in the 

Fig, 23. 
Section of tfie Old Slate Vein. Festvniog District. 
30 Yaris. ^t 




A B. Hard Bocla. 

1. T OyiHn—The Cnat. 

a. Y Wytha-n Bdv—TU Blaek Vela. 

3. T Wythern .FJmw— Tft* Great Vein. 

4. T WytJtern Wen—Th^ WkiU Vein. 

6. TPvmp Wythem—Thi Five (^Stripet) Vein. 

6. Y Crych Dd-a—Tke Blmjk Ovrl. 

7. Under the Clay Slant. 

Rhiwbaoh section, fig. 20, it has become attenuated 
to 15 yards, bo that it is too thin to work. 

In Fig. 22 the Old and New Veins are seen to 
coalesce, the intervening hards having thinned out, and 
the two beds make a continuous body of slate. 

The Back Vein ia of the same colour as the two 
laflt — dark blue. It ia of variable quality, and often 
contains soft and coarse slates. In some of the quar- 
ries, that of the Welsh Slate Company, and MaenofTem, 
for example, it appears in good condition, and forma a 
valuable bed of slate. It is sometimes called the 
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^Barred' vein, because it is crossed by thin bars of 
hard or sandy matter. The presence of these ^ bars ' 
usually necessitate the blocks being split into slates in 
one given direction. 

The *Top, or Northern, or Flag Vein,' as it is 
variously described, has been largely worked in the old 
quarry at Bhiwbach, and it is also worked at several 
others in that direction, where it has been proved, by 
boring, to reach a thickness of about 230 yards. The 
upper part of the bed is generally hardened where it is 
seen in contact with the overlying hard rock. Hence 
its split is destroyed, and it is best adapted for the 
manufacture of slabs. Otherwise the upper portion is 
usually soft, and where it is worked the slates are 
derived from its lower beds. It is traversed by dia- 
gonal and irregular bands of felspar, quartz, and other 
hard rocks, one of which is shown in its natural position 
in fig. 20, as well as by thin sandy beds, usually of a 
paler colour than the bulk of the slate rock. This bed, 
as well as that of the Back Vein, deserve increasing 
attention, especially in their continuation imder cover 
to the N. and NE. For assuming, as we safely may, 
that the Old and New Veins are not continuous de- 
posits, or at least are so only over a limited area, bear- 
ing as they do evidence of having been deposited in 
hollows of the harder rocks, it is plain that their 
exhaustion is only a question of time, and that not 
remote. It is therefore to the better portions of these 
upper beds, which are of great thickness, and are con- 
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luous over a larger area, that we are to look for the 
ture supply of slates from this district. 
Hitherto it has been, as I have already indicated, 
this Top slate rock, and in those which are seen to be 
K)ve the hard rock with which it is covered, that the 
lariies on the lines 3, 3 a, 3 B, seem hitherto to have 
sen worked. Where practicable, it would be very 
■sirable for those of the proprietors of those quarries 

10 are able to do so to prove, by tunnelling and 
herwise, the beds that underlie those they work. By 

reference to the Cwm Trwscol section, fig. 18, it 

11 be seen that a bed of finer slate lies, as has been 
cently proved, at some distance below the beds 
ready worked. 

In the heart of the Festiniog district the beds dip, 
r the most part, due north. This departure from the 
ual strike or course, NE., at this point is due partly 

a succession of faults, and partly to the fact that 
re the eastern portion of the strata are bending around 
d over the northern end of the Merionethshire anti- 
nal, to meet the strata of the slate range next to be 
scribed. 

The following is a list of the quarries, as they were 
rked in 1873, with the total amount of produce, and 
er particulars which may be of interest : — 



of the Slate Quarries in tie Feetiniog 
Slate Range. 

(Lm 3 c). 



I Method of 
-working 



t Blaks-t-Cwx 



BOWTDD OR PKR- 
dTALS . . 



Bwlch-Slatees . 



Heai of Machiio 

Vallej 
Diiilwjs . 



i 
.! 



Beoent 



Crobsor 



Head of Mayjino 

VaUej 
Cwm Cioesor . 



I 



Cwm ORTHisr . . | lAjn Cwm Orthin 



cwt-y-bucail 
Ctxicht . . 



Head of Mayjino 

VaUej 
Cynicht Moun- 
tain 
DiPHWTS CA880N { Duffwys . . . 



Drum .... 

FOEL Grok . . 
Gethix .... 

Glan-y-pwll . . 
Graig Ddu . . 
Hollands . . . 

Llechwedd or 

Greavbs 
Masnoffern . . 

MOELWYK . . . 

Park 

Pbullyn . . . 

POMPREN . . . 

Prince Llewellyn 
Bhiwbach . . . 

Bhiwbryfdir or 

Matthews 
Bhiwfachno . . 
Bhosydd . . . 

Bhysoan . . . 
Welsh Slate Co. 



LlTn-T-Dnim . 
Festiniog, N. . 
Above Dolwy- 
ddelen 

Festiniog, N. . 
Bhiwbryfdir 

Do. 

Duffwys . . . 
Moelwyn Moun- 
tain 
Cwm Croesor . 
Dolwyddelen, £. 

Do. S. 

Do. W. 
Head of Machno 

VaUey 
Bhiwbryfdir 

Penmachno . . 
Moelwyn Moun- 
tain 
Festiniog, NW. 
Bhiwbryfdir 



1801 

BeviYed by j 

Mr.Perci^i 

in 1846 

Beoent 



1845 

Present Com* 

pany 1861 

Becent 

1876 

1765;Cas8on 
1800; pre- 
sent Com- 
pany 1862 

1864 

1850 

1870 



1840 
1835 

1846 

1855 
1865 

1872 
Beoent 

Do. 

Do. 
1812 

1840 

1838 
1850 



1816 



Open 

Underground 



Open 

Underground 
Do. 



Open and uj^-j 
derground 



Do. 



Open 
Do. 
Underground 



Do. 
Open and un- 
derground 
Underground 

Do. 



Open 
Do. 
Do. 

Open and un- 
derground 
Underground 

Open 
Underg^und 
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The production of the whole district for the year 
ending December 31, 1876, is as follows : — 

Toni. 

Shipped from Portmadoc 113,946 

Do. sent by rail 26,475 



140,421 



To which may be added about 6,000 tons sent 
from the Penmachno and Dolwyddelen 
quarries by way of Bettws-y-Coed . . . 6,000 



Making a total production for the jear 1876 of . 146,421 
The total produce for the whole district for the 

year 1872 was 129,000 



Showing an increase in four years of . . . 17,421 



CHAPTER IX. 

SLATE BEDS OF THE LLANBEILO 
STRATA— continued. 



:?i 



^-J 



It.. 

1'*^ 



Following the line of the diagram section eastward, we 
cross the Merionethshire anticlinal, and meet the base 
of the Llandeilo strata, in the mountain of Arenig 
Fawr, near the northern termination of the slate range 
along line 3 d. Standing on Arenig Fawr, we have 
under our feet the porphyritic rock that underlies the 
slate beds ; and in it and in its southern continuation, 
on the summits of Aran Benllyn and Mawddy, we find 
interstratified slate beds, which are the equivalents of 
the beds, b b, of the Ehiwbryfdir section. When, 
however, further to the east, we look for the overlying 
porphyry, we cannot find it : both it and most of the 
slate beds seem to be absent. It has been supposed 
that there has been a thinning out of these beds in their 
progress eastward from the Festiniog district to this 
point. Bat as further east still, over the eastern side 
of the Berwyn Mountains (see diagram section), we 
shall again meet with the whole series, and as further 
south — as I shall point out — ^there appears to be an 
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conformity between the same strata and the over- 
ng Bala beds, I am led to conclude that at this 
int there is an overlapping of the Bala beds upon 
386 of the Llandeilo group ; that the upper porphyry 
d a good portion of the slate beds are thus hidden in 
e country between the Arenigs and the north of the 
mi of Bala, and that, as there is a great similarity 
tween the lower schisty and slaty beds of the Bala 
Dup and the upper ones of the Llandeilo, this overlap 
not discernible on the spot — the porphyritic rock, 
ich is a marked boundary between the two, being 
iden. In the slaty beds lying above the lower por- 
jrry, attempts at slate quarrying have been made 
the country lying between the Arenigs and the 
ins. An abandoned quarry may be seen near the 
id of Bala Lake. The strata of this district are a 
)d deal impregnated with iron pyrites. When, how- 
T, we pass down the range to Dinas Mawddy, we 
ch the northern end of a very important slate dis- 
3t that extends from this point until the strata are 
b under the marshes by the sea at Towyn, This 
•tion of the slate range may be described as the 
rys, or, as it is usually called, Corris Slate District, I 
y here mention that near Dinas Mawddy an im- 
rtant change takes place in the character of the beds 
kt usually overlie the slate zone we are considering, 
e porphyritic rock loses its massive character and 
ises into gritstones. So also does the Ash bed, that 
lally underlies the Bala Limestone. The latter, too. 
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loses its calcareous nature, and is split up into a seriefl 
of compact sandstone bands. The loss of these dis- 
tinguishing marks probably led to the error, as it 
appears to me, when the district was geologically sur- 
veyed about thirty years ago, of classing the slate beds 
of the Corris district with the Bala group. That they 
are the equivalents of the slate beds of the last three 
ranges is, I think, sufficiently proved by the fact that 
at the Minllyn Quarry, near Dinas Mawddy, the upper- 
most slate bed is quite 2,000 feet below the Bala Lime- 
stone, which at that point has not lost its distinctive 
character. By measuring this thickness of strata on 
the section of the Bala beds, fig. 26, it will be seen 
that it brings us down into the heart of the slate zone 
we have been considering. Besides this, there is an 
apparent unconformity at this point between the dip 
of these slate beds and that of the limestone and its 

associated beds. 

Fig. 24. 

Section of Strata in the Corris District, 
Scale 1 '= 150 Yds. 





ar^ 



mm^m^.^ 



I 2 

1. Ha/rd Rock, 

2. Narrmv Slate Bed, 

3. Hard Rock, 



4. Broad Slate Bed, 

5. Black Rock, 



Fig. 24 illustrates the order of the slate beds 
hitherto worked in the district. There are traces of 
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\ beds below the hard rock at the base of the 
on, but little is as yet known concerniog them. 

hard rock 1 is a spotted gritty rock. 2 is the 
) bed known as the Narrow Vein. It is but a thin 

ranging only from 15 to 30 yards in thickness. It 
owever, composed of very pure slate rock ; and as 
-making is largely carried on in the district, the 
Ty operations in it are usually successful. It is 
ded into two nearly equal parts by a thin line of 
ling. The best slate rock is found in the lower 

and the lower portion of the upper half. The 
ermost portion is often inseparable from the over- 
g hard rock. In the northern part of the district 
e is a marked absence of joints in the bed, and the 
: seems to harden also in that direction ; so that it 
etter fitted for the manufacture of slabs, which is 
e carried on extensively. The slates of this and 
one to be described are of a bluish-grey colour, and 
free from perishable matter. The lower part of 3 
dsts of thin bands of hard rock, the remainder of 
erfectly-formed rough slate, with which are inter- 
tified thin slate beds — too thin for profitable work- 
The Broad Vein, 4, has not as yet been much 
ked. It is worked at Abercwmeiddau and Minllyn. 
:he former quarry it yields good slates, and by some 
rrymen it is considered the best bed of the two. At 
illyn, near Dinas Mawddy, like the narrow bed in 
same portion of the district, it has few joints, and 
J rather too hard for the manufacture of slates. It 
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yields slabs of excellent quality and of very large size. 
The production of slates and slabs throughout the entire 
district, last year (1876), sent oflf by railway was 
26,316 tons, to which must be added a little for local 
consumption. 



List of Quarries in the Corris District. 





SitamtJon 


Date of origin and 
slate bed worked 


Nature of 
quarry 


Abebcwmeiddau 


Corns . » . 


Broad Vein . . 


Open 


Abebganolwyn » 


Bryn^lwys . 


1830 


Under- 






Narrow Vein 


ground 


Abkrllrfexi . . 


Corris . . . 


1500 ; revived 
1810; Narrow 








Vein 


Do. 


At.t.tcokd . . . 


Corns, NE. . 


Narrow Vein . 


Do. 


Bratch Goch . . 


Do. 


1835 
Narrow Vein 


Do. 


Cambria Wyxxk 


Corris, S, . . 


Recent ; Broad 
Vein (?) 


Do. 


CwM Era . . . 


Corris, XE. . 


Do. 


Do. 


CwM Odin . . . 


Do. 


Do. 


Do. 


Garwen . . . 


Do. 


1820 
Present Company 
1858; Broad Vein 


Do. 


Hexdre Ddu. . 


Hendre Ddu . 


Narrow Vein . 


Open 


Mdtllyn . . . 


Dinas Mawddy 


Broad Vein 


Open 



1 A writing-slate manufactory is attached to this qnarry. The 
material nsed is chiefly the portions of the * slab rock ' which are 
too small for slabs. These are split into plates, ground with sand 
and water, and smoothed for use by fine small planing machines. 
The frames are made by machinery. 



CHAPTER X. 

SLATES OF THE LLANDEILO STRATA^-c(mcluded. 
SLATES OF THE WENLOCK GROUP, 

I NOW proceed to notice the most easterly development 
of the Llandeilo strata, near Llangynog, Montgomery- 
shire, on line 3 e. 

This is an old slate-producing district, the prin- 
cipal quarry, the Ehiwarth, having been worked for 
about a hundred and fifty years. The district has, 
however, hitherto been shut oflF from railway communi- 
cation, and the heavy cost of carriage along hilly roads 
has confined quarry operations within narrow limits. 
Fig. 25 is a section of the beds at present worked. 
At the base of the section we have a zone of dark 
earthy slates, 1, with interbedded gritstones. 2 is a 
hard rock, which, as usual with such rocks, varies 
greatly in composition, but which is at times highly 
porphyritic. We have little diflBculty, I think, in 
recognising this rock, from its position and character, 
as the equivalent and eastern continuation of the similar 
fock imderlying the slates at Festiniog. Above this 
there is a slate bed, 3, twenty-five yards thick. Twelve 
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yards of hard rock, 4, succeeds, followed by another 
slate bed, 5, twenty yards thick. Another hard rock, 
6, leads us to the uppermost bed of slate rock, 7. This 



Section of Strata at Llangynog, Montgomeryahir 




has a capping of ashy and felepathic rock, 8. 9 has 
not been much proved, but so far seems to consist of a 
succession of blue slaty and shaly beds, which are 
divided by hard bands that occasionally become cal- 
careous. This series dips imder a greenish rock, 10. 
It is easy to see a general resemblance between the 
whole series and the succession of strata near Festiniog, 
and this resemblance will, I think, become more com- 
plete as the upper beds, 8 and 9, become more fully 
known. Of the slate beds the lowest, 3, has not been 
much worked so far, but it is said to contain some good 
slates. It is from beds 5 and 7 that the slates are now 
made. The upper parts of these beds, as is usual, often 
become hard and difficult to split ae they approach the 
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overlying hard rock. The slates are of a dark blue 
colour. They are tough and hard and exceedingly 
durable. They are quite free from iron pyrites. A 
little roughness is imparted to the surface by coarser 
lines of bedding by which they are crossed, and the 
slates are somewhat heavy. There are local variations, 
and some portions of the beds are less aflfected than 
others. At the most these circumstances do not hinder 
the sale of the slates, which are much prized for their 
other good qualities. 

Trials have been made in the group of beds 9, 
which show slates of a similar character to the Ehi- 
warth slates, but of a smoother surfece. 

Besides the Rhiwarth Quarry there are no others at 
present producing slates, but there are several in the 
very early stages of development, and the introduction 
of a railway or tramway would largely stimulate enter- 
prise in the district. 

The produce of the quarries at Llangynog and 
Maengwynedd last year was as nearly as possible 2,300 
tons. 

Slates of the Wbnlock Strata. 

Lines 4. 

We have now to consider the uppermost group of 

strata from which the slates of North Wales are derived. 

The group takes its name from the little town of 

Wenlock, in Shropshire, around which, in shale and 

f2 
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^tone, the group is well represented. The strata 
^orth Wales are known to be the same by ^the 
itity of fossils, as well as by their stratigraphical 
tion, but the beds of the Principality have a vastly 
ji look than their equivalents in Shropshire. Fig. 
Nill help the reader to imderstand the relative posi- 
. of the Wenlock beds, to those of the Llandeilo 
58 last described. 

In this section, at the base of the Wenlock shale, 
be seen a band of pale slates, which is known geo- 
cally as the ' Tarannon shale.' Openings for slates 
e been made in these beds at many places along 
T course. The only approach to a quarry in them 
b Clegir, Bettws Gwerfylgoch. A good number of 
md and third class slates were made at this quarry. 
5y were of a cream colour tinged with green. The 
)ur was exceptional, p,^^ 27 

i it was not objected detail Section 0/ Wenlock Beds. 

Owing to its situa- 
Q and other causes the 
irry is not now worked. 
Fig. 27 shows the 
leral order of the 
unlock strata in Noith 
lies. It is in the lower 

, 1 1 i ^' Slates and Flagstones. 

Is, 1, that the slate 2. GriUy Beds. 

trries are worked, al- 3. Blue Bubbly Beds, sometimes 

Ugh occasionally the ^* 

>er beds become slaty. The cleavage is usually 



Scale r'= 1000/. 
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nearly horizontal in these beds, while it is generally 
vertical in the beds already described. Bands of hard 
rock are interstratified with the slate beds, and at 
Penarth Quarry, near Corwen, the slates are capped by a 
compact gritstone, which is thought to be hard enough 
for the manufacture of paving setts. Between these 
hard beds the split is usually very good, the slates 
splitting thin and straight. The material is tolerably 
free from pyrites. The slates are softer than those from 
the Llandeilo and Cambrian beds, but they are very 
marketable, and make a good roof. The house in which 
I write bears the date 1758, and, as &r as I know, the 
roof, which is covered with these slates, has never been 
disturbed. They have, however, a very ancient look. 

The quarries follow the lines of the outcrop of the 
strata, as shown on the map. 

The following are the quarries now in work: 
Clettwr near Llanderfel, Penarth near Corwen, Oernant 
and Cloggau near Llangollen, Llangollen Slate and 
Slab Company, Glyndyfrdwy, between Llangollen and 
Corwen, and Moel Fema near the last ; the Cambrian in 
Glyn Ceiriog, and the Wynne, one of the oldest quarries 
of the range in the same valley. 

There is also a quarry devoted chiefly to the manu- 
facture of slabs in the hills flanking the Vale of Clwyd. 
There are several new imdertakings, among which I 
may mention Nantyr and Nantgwryd in Glyn Ceiriog, 
two or three near Corwen, the same number near Bettws 
Gwerfylgoch, and I doubt not that in time the almost 
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unknown and inaccessible region lying between Bettws- 
y-Coed and Llanrwst, and the Vale of Clwyd, will have 
its slate and slab quarries. The production from the 
whole formation in North Wales last year may be taken 
at 20,000 tons. 



CHAPTEE XI. 

SLATES OBTAINED FROM OTHER DISTRICTS iT^ 
GREAT BRITAIN AND IRELAND, AND 1^ 
FOREIGN COUNTRIES. 

It will now be necessary to notice other districts anc^ 
countries where slates are obtained from the various 
groups of strata we have already considered. The de — 
scription will necessarily be brief, owing^ first to th< 
paucity of information that exists concerning slat< 
operations in those places, and secondly the, at present 
very limited total production as compared with th< 
slate production of North Wales. 

In the centre of England there is a patch of th ^ 
older Cambrian rocks thrown up at Charnwood Forest>- 
Here slates somewhat rough and heavy, as far as m.^ 
recollection serves, are made on a limited scale, T\x^ 
quarries have, however, been worked for many year^-' 
In Wicklow, Ireland, slates are obtained from corr^'^ 
sponding strata. The Arenig beds are represented \>y 
the Skiddaw slates of the north of England, and ne^^ 
Maryport slates of a greenish tinge are largely obtain^^ 
from this formation. Slates are also obtained from 



\ 
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^me strata at Soulby near Ramsay, in the Isle of Man. 
At Angers, which is one of the oldest slate-producing 
^listricts in France, slates of a dark blue colour, like 
those obtained from similar rocks in North Wales, are 
derived in underground quarries. One of the most im- 
P<>rtant slate quarries of Canada is the Walton Quarry, 

• 

^ tlxe sixth range of Melbourne, it is worked in the 
Quebec group of strata, which is the equivalent of 
*'^ .Arenig beds. The slate bed at this quarry is de- 
**^l>ed as being the third of a mile in breadth. The 
^t^s split thin, and have a smooth surface. They are 
"^^--grained and purple and blue in colour.* 

Xn assigning the geological position of slates in 

oth^jf countries we labour under the disadvantage that 

*>^i^^s £rom the fact that the exact succession of the 

old^j. strata is not always as well-defined and decided 

^ it is in North Wales, so that in enumerating the 

^^^^^^lities where slates are obtained from beds of Llan- 

deij.^ age I may possibly include some which more 

P^^^X^rly belong to groups above and below. In Pem- 

"^^l^eshire quarries have been opened in the Llandeilo 

"^^^i^ but hitherto slate quarrying has not been very 

^^^oessful in the southern counties of Wales. Among 

"*^ quarries of Pembrokeshire may be mentioned those 

^* Cjil&ch, Rosebush, and Cleddau Valley, from which 

^^^^^-^s of a light blue and of a greenish-grey colour are 

'^'^^^Je. In Scotland quarries are worked in beds of this 

3 but for the most part the cleavage is imperfect, 

* Logan, Geology cf Canaday p. 830. 
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the beds being sandy and existing in a hardened and 
altered condition. In the north of England, and in the 
Isle of Man, there are quarries labouring under similar 
disadvantages. Slate quarries are also worked to some 
extent in the same beds in Ireland. The quarries of 
Killaloe in Tipperary are of considerable importance. 
These quarries are described by Mr. Hull ^ as laying 
open a section of over 350 feet, and produce slates of a 
dull bluish-grey colour, and of good quality, though 
somewhat rough. Mr. Hull adds : * It is not improbable 
that the west and south of Ireland may be found ca- 
pable of yielding far larger quantities of this valuable 
commodity than hitherto, but which for want of capital 
and perseverance have not been rendered available. 
Amongst the Lower Silurian rocks north of Hillary 
Harbour, and along the valleys of the ErriflF and Doo 
Lough in Co. Mayo, are certain beds, which, if opened 
up at sufficient depth, might be found to produce 
excellent pale grey or bluish roofing slate ; and to thif^ 
district I venture to direct the attention of capi-^ 
talists.' ^ 

Four quarries are mentioned as being worked ir*- 
Sweden, which may be in these beds. Of these th^ 
slates from three are thick, but those from the quarry 
at Kjellsvik, near Lake Wena, are fine-grained, of good 
quality, and comparable to those of North Wales. 

It is probable that of the same age are the slates of 

> Building -xtones of Great Britain^ p. 297. 
« Ihid,y p. 298. 
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foravia and Silesia. ' They extend throughout an 
:tensive tract of country, the chief seat of the industry 
ing Waltersdorf near Olmiitz. The slates vary from 
ay to blue and black, and are receptive of a good 
lish, on which account they are not only employed 

flagging and roofing purposes, but also for tables, 
ces, and cisterns.' * 

Hoofing slates are obtained from the same beds in 
i United States, at Barnard, Bingham, Kennebec, 
i Pascataquies, in the State of Maine ; at Boylston, 
rvard, Lancaster, Pepperell, and Shirley, in Massa- 
isetts ; at Brattleborough, Dummerston, Tourhaven, 
i Guildford, in Vermont; at Hoosic, New York; 
Bush Creek, and near Unionville, in Maryland ; and 
the Cove of Wichalla, in Arkansas.^ 

From the equivalent of the Wenlock beds the pale 
Le and green slates of Kendal and Ulverstone, which 
^ very marketable slates, though somewhat heavy, are 
crived. These slates are very similar to those of 
igir, near Corwen, from the Tarannon shale, at the 
ie of the Wenlock beds. And from beds of the 
tie age in Canada the dark blue slates of Orford are 
irked. Similar slates are also obtained at Brompton 
d Westbury, on the lower St. Francis. The whole of 
sse Canadian slates are described as not being so 
Looth in their cleavage as those worked in the Arenig 
Quebec rocks of Melbourne. 

' Building-gtones of Cheat Britain, p. 300. 
* Dana, Manual of Mineralogy, p. 368. 
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Slates from Devonian Strata. — Passing now to 
strata higher in the series than those we have hitherto 
considered, we find that the Delabole Quarries of Corn- 
wall have been for a long period worked in the Devo- 
nian strata of that county. In the year 1839, the late 
Sir H. De la Beche wrote: 'The Delabole Quarries 
have long been celebrated for producing a beautiful 
and durable material, combining considerable lightness 
with strength.' ^ The beds worked belong to the lower 
portion of the upper division of the strata. Other 
quarries have been worked in the same beds, but none 
of them call for special notice. 

Slates are worked in the Devonian rocks at Valencia, 
in Ireland, where they have a greenish tinge, but are 
rather thick and rough. They make . excellent flags, 
and these were largely exported to England before th^ 
flag trade of Wales assiuned its present importance. 

In France Devonian rocks are largely quarried forr 
slates, in the Ardennes, at Deville, Fumay, anS- 
Eimogne. The slates of Luxemburg belong to th^ 
same group, and are quarried at Bertrix, Greripont, ani 
Herbeumont. In Nassau, Westphalia, and Bhenish Ger- 
many generally, as well as in Wurtemburg, the schists 
(Schiverstein) that imderlie the upper Devonian lime- 
stone yield slates. There are quarries near Coblentz, 
Caub, Giessen, Friedeburg, and Wittgenstein. 

Slates of the Carboniferous Strata. — Ascending 
still higher in the geological scale, we find that the 

^ Meport on tlie Geology of Cornwall and Devon, p. 503. 
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awer portion of the Carboniferous beds, consisting of 
;rit8 and shales, frequently assumes a slaty character, 
^^utnerous quarries have been opened in these beds in 
Devonshire. The results are, however, frequently 
lisappointing, owing to imperfect cleavage, the irre- 
gularity of the materials, and the presence of pyrites. 
* A line drawn from St. Genny's, on the coast south- 
ward towards Plymouth, curving round the south- 
western part of Dartmoor, is the strike of the Carboni- 
ferous beds. The slate bed is quite at the base, is 
opened on at various places, but with indifferent suc- 
cess. The cleavage is at a slight angle (from the 
J^dding). There is much dark carbonaceous matter 
^ixed with the slate. The roofing is heavy, and apt to 
^lit on exposure. The flooring is good, especially for 
^Qdoor work.' ^ 

We have now reached the uppermost limits of slate 

Proper. Thin flagstones are found associated with the 

•Millstone Grit and Coal-measures, and are sometimes 

'^s^ for roofing purposes. The thin calcareous flags 

^^at lie between the Bunter and Keuper sandstones in 

Shropshire, at Grinshill, were formerly used for the 

8^ine purpose. In Italy roofing slates are largely 

quarried from altered beds of Liassic age, the best 

slates being produced in quarries near Genoa. Around 

Oxford the buildings are covered with similar thin flags 

' S. R. Pattison, Letters to the * Mining Jaitrnal * on Slate and 
Slate Quarries, 1866, p. 13. 
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from the ' Stonesfield slate ' of the Oolitic series. The 
stone is mined underground, and brought up by shafts 
to the surface. The blocks are left exposed to the 
action of the weather during a winter, when thej are 
readily split up into thin layers, which are then dressed 
for use. 
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CHAPTER XII. 
THE EARLY HISTORY OF A SLATE QUARRY. 

TB site for a slate quarry is generally discovered by 
& or more workmen who are already employed in an 
Lsting quarry. In all quarries there are men pos- 
sed of more than usual intelligence, who like explora- 
n and discovery for its own sake, and who are also 
airous of bettering their position by either investing 
sir savings in the working of a quarry on a small 
tie, or in developing it to such an extent that it may 
Come a marketable property, which by its sale shall 
ing to them a considerable sum of money, over and 
ove its actual cost to them, as a reward for their 
terprise, knowledge of the country, and the risk of 
is they have incurred. Many mistakes have been 
ide by such men in time past, through their want of 
e simplest scientific knowledge; but it is to them 
d to men of like tastes, of an exploring turn, though 
^connected with quarries, that the largest and most 
ccessful of slate quarries owe their origin. In tracing 
e early history of a quarry we will suppose that our 
^Venturer is a judicious man, and that his discovery is 
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intrinsically good. His discovery is made by inference 
and search combined. By inference frequently in the 
first place. He knows the direction taken by the slate 
bed he works, and he infers that its continuation is 
probable in that direction, and that if he searches for 
it, even at some distance from his present quarry, be 
will find it. In this expectation he is often rewarded 
by seeing the outcrop of the slate bed on the hill-side. 
If, however, the rock is covered with peat and soil, he 
betakes himself to a ravine in which a stream has worn 
its way down to the rock. Sometimes, by dint of 
patient exploration alone, in an unfrequented locality, 
and not guided by any scientific knowledge, his dis- 
covery is made. Having satisfied himself of the colour, 
<\uality, and cleavage of the rock by a few small trial 
holes made by pick and crowbar, and with the utmost 
secrecy, his next point is to obtain from the owner of 
the mineral rights of the property a take-note or agree- 
ment for a lease. This instrument conveys to him the 
power to search for slates, and it may be other minerals. 
It defines the sum to be paid by way of dead rent, the 
duration of the lease, the amount of royalty to be paid 
to the lessor for slates raised during the period of the 
lease, and sets forth rights of way, water, and other 
matters afiecting the working of the property. It will 
be seen at once that this is a critical juncture in the 
history of the infant undertaking, and that whether the 
adventurer will continue to work it himself, or having 
proved the property sell it to others, very much of the 
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ccess or otherwise will depend upon the terms of the 
3186. It will be wellj therefore, at this point to con- 
ler the basis on which a lease should be granted and 
icepted. 

Time. — Leases are sometimes granted for twenty- 
Qe years only. This is the customary period for 
iases granted by the Crown. This time is too short, 
xA should never be accepted unless with an under- 
taking on the part of the lessor to renew at the expira- 
tion of it for a similar term. Considering the outlay 
required on a slate property to bring it into successful 
work, the lease should on no account be for a less time 
than thirty years. If a considerable outlay on the 
construction of tramways and other outside works is 
Quired, the lease should be for a term of fifty years. 
Numerous leases have been granted for this period in 
North Wales. Forty years is an ordinary term. The 
term should, in any case, commence from the date of 
t^he expiration of the take-note. It should also contain 
4 proviso enabling the lessee to surrender it, in case 
>f unprofitable working, at any time, on his giving due 
Notice to the lessor to that eflfect. 

Royalty. — ^The royalties now paid by lessees of slate 
[uarries are various. They are usually a proportionate 
lart of the selling price of the slates at the quarry. I 
lave an instance before me where the royalty payable 
B one-eighth. This is far too high. In the Festiniog 
[istrict the average royalty is one-twelfth. In Camar- 
onshire we have examples of its being one-fourteenth, 

a 
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one-fifteenth, one-sixteenth, and one-twentieth. One- 
fifteenth may be considered a fair royalty, slightly in 
favour of the lessee. Sometimes the amount is regu- 
lated by a sliding scale, the royalty increasing every 
five years from a starting point of one-twentieth, and 
rising up to one-twelfth, with the promise of an ulti- 
mate renewal of the lease at that amount- This seems 
an equitable arrangement, for the cost of production of 
slates is to the lessee higher during the first years of his 
enterprise than it should be afterwards. Occasionally 
there is a fixed charge per ton. I have an instance 
where this, in a quarry situated a good way from rail- 
way communication, is l8. 6d. per ton on slates, and 
9d. per ton on slabs. Taking the present average price 
per ton at 60s., this would be only equivalent to one- 
fortieth — an exceptionally low royalty. Care should 
always be taken that the royalty is payable only on 
slates actually sold during the year. 

Dead Rent — By way of acknowledgment on the 
part of the lessee, and as a guarantee to the lessor that 
his property shall be worked, it is usual to fix a certain 
5um which, whether slates are produced or not, shall he 
payable to the lessor. This is the dead rent, and it is 
always provided that it is mergeable into the royalty, 
and not to be paid in addition to it. Considering that 
it is the expenditure of the lessee's money that is to 
develop an income for the lessor, and that the fonntf 
takes all the risks, this rent should be as low as pos- 
sible. In slate quarries during the term of the take-note 
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erally fixed at five pounds a year. The lease 
»vides for twenty pounds a year. It ought not 
i this latter sum. Sometimes a fixed rent is 
instead of royalty. I quote an instance in 
be agreement for an undeveloped property 
over a term of twenty years. The rent is 
as follows : — Five pounds a year for the first 
3, ten pounds a year for the second five years, 
3unds a year for the third five years, and twenty 
k year for the fourth five years, with power to 
e to obtain a lease for a second term of twenty 
a royalty of one-fifteenth. This, for an unde- 
property, is an equitable arrangement. 
penaation for land taken. — Besides the dead 
royalty, the lease usually provides for compen- 
be paid to the owner and the occupier for land re- 
)r quarry purposes. Where a quarry is situated 
closed land, compensation to the tenant only is 
, and mountain land is valued for sheep-grazing 
3s. per acre. '^^Tiere land is enclosed, and the 
3ceive8 a rent for it, he will require to be re- 
liberally for the loss of his rent. Usually the 
ys rent varying from li. to 4L per acre a year, 
lally the lessor requires a cash payment for 
:en of rather more than its agricultural value, 
y where the land is taken for building pur- 

'-leaves and Water-rights. — It is important 

3se should be well secured. If the quarry 

g2 ^ 



84 8LATE ANIi 8LATE QUARRTING. 

property does not abut on a railway or road, powe 
should always be taken to cross the lessor's land withou 
way-leaves as far as it extends. The lease generall 
winds up with the usual arbitration clause. In appl; 
ing for a lease the discoverer often associates wit] 
himself one or more partners, to share the cost, re 
sponsibility, and profits, and the lease being obtaine 
to their satisfaction, they are ready to commenc 
proving the ground. 



CHAPTER XIII. 

THE EARLY HISTORY OF A SLATE 
Q UARR Y — corUinued . 

h the quarry is to be an underground one, worked 
from the face of a hill, it will be best proved by driving 
* tunnel into it at a point where it will be convenient 
^^'^ibsequently to form a floor. In which of the posi- 
tions shown in fig. 29, will depend upon the means at 
^mmand. For the simple purpose of proving, the 
^Pper and shorter tunnel will be sufficient. This 
should be taken right across the bed, and if possible a 
®hort cross-cut or tunnel driven right and left of the 
®M of it. This will prove the character of the slate 
^^k, and make the commencement of a couple of 
^^ambers easy. 

If the quarry is to be an open one, worked in 
galleries on the side of a hill, it will be a matter for 
^tsideration whether it will be most advisable to 
^rive a tunnel or to make an open cutting into the 
i'ock. If the ground is covered with drift, or if hard 
rock lies on the face of the bed, as in the left-hand base 
of fig. 19, or if the hard rock rises up to the surface to 
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almost a level with the topmost outcrop of the sla 
bed, it will be better to drive a tunnel ; but if the sla 
rock comes up to the surface, as in the upper porti 
of fig. 19, if the ground rises sharply, and the outcn 
of the rock is pretty solid, it will be better to make ; 
open cutting wide enough — say 10 to 20 yards — to foi 
the commencement of a gallery. Tlie cutting 
timnel should be arranged so as to form a galie: 
which -shall be convenient to other galleries that m 
be subsequently formed above and below. If the quai 
is to be an open one, worked below the level of f 
ground, a shaft should be simk on the side on which t 
incline rests in fig. 32, firom the bottom of whicl] 
tunnel may be tak^i parallel with that side of the quar 
If the quarry is to be an underground quarry, wori 
by means of a shaft, a shaft, in the position of i 
winding shaft in fig. 31, should be sunk, and a tuni 
driven either along the bed, which shall communis 
with chambers to be formed, or one driven across t 
bed, to prove it in the direction of its outcrop. Wh( 
there are quarries worked in the immediate neighboi 
hood, and the quality of the bed known in them, simj 
boring in the case of the two last quarries may 
sufficient. 

Supposing the result of the above operations to 
satis&ctory, the adventurers may consider the prope 
pioved, and it may fiiirly be considered to have b 
hroogfat into a marketable condition. They n 
now have the command of sufficient money to compl 
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the works and make the necessary communications with 
a railway or port, but usually, as may be supposed, this 
is not the case, and at this point they desire to sell the 
property they have thus proved to others who have 
means for its further development. In endeavouring 
to do this the first steps taken by them is to obtain 
'reports* on the property from neighbouring quarry 
inanagers of repute, and especially from those who have 
l>een successful in their own quarries. In addition to 
these reports it is also advisable for them to call in a 
I'Bcognised authority on such matters from a distance, 
^ho shall go over the ground with the local reports in 
his hand. The reports being satisfactory the next step 
IS to introduce the quarry to capitalists who may be 
disposed to enter into such undertakings. This may be 

i done directly by one or other of the adventurers, or 

I through an agent who is supposed to have an acquaint- 
ance with such persons. One or more gentlemen 
having been found who are disposed to consider the 
matter with a view to purchase, they on their part 
send their own mineral surveyor, mining engineer, or 
other confidential adviser on such matters, to inspect 
the property. As the welfare of his clients and the 
future of the undertaking depend upon the result of 
bis examination, it is essential that he should take 
the greatest possible care in his examination of the 

property. 

The chief points to which he will direct his attention 

are the following : 
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1 . The examination of the take-note or lease. 

2. To see that the ground is not broken up by 
faults, and that it is not contiguous to any considerable 
disturbance of the strata. 

3. That there is plenty of room for the working oi 
the quarry, and for the disposal of the waste oflF th€ 
slate rock. 

4. The amount of water-power. 

5. Whether the debris and slates that may hav^ 
been made show signs of rust or decay. 

6. He will minutely examine the character of tb ^ 
rock along the course of the tunnel or in the ope:* 
cutting or shaft ; noting : a, if the natural joints ar* 
too numerous to admit of slates of a good size hein | 
made ; or, 6, if the joints are so far apart as that tli- 
rock will require a large amount of cross-cutting a 
sawing ; c, he will observe the frequency or otherwi^ 
of the occurrence of posts or bands of hard rock, aix 
how these will affect the working of the quarry. H 
will readily distinguish these, either by their smootb 
ness and compactness, or by their gritty and asb 
character, both of which will contrast with the genera 
appearance of the slate rock, whose broken edges wi 
show the peculiar wrinkled appearance known amon 
Welsh quarrymen as * pleri ' or * pillari.' 

7. He will direct, and this is a point on whic 
usually he will have to insist, that blocks of slate roc 
be blown out of such parts of the level or opening a 
he may choose, and these he will have split and dressefl 



EXAMINATION OF SLATE. 89 

i his presence. He should arrange on the first day of 
ifi visit, or immediately upon his arrival, that this 
iiould be done, in order that the operation should 
ot be hurriedly performed, otherwise the rock may be 
riattered and the result be unfairly unsatisfactory to 
tie quarry. 

8. In observing the split he will notice if the block 
plits kindly all the way down from the top, or whether 
t has to be much humoured by side operations, 
«^hether the split is thick or thin, whether the surface 
^f the slate is smooth or rough. He will see if crychs, 
^nds, and cramps cross the blocks so often as to pre- 
^ent large size slates being made from them without 
isfigurement. He will notice the colour of the slate — 
'^e of various shades being the standing colour — the 
^^dom of the slates from parti-coloured bands or 
^tK)ns, its fireedom from pyrites, and from carbon- 
-oiis and other objectionable matter. 

S. Railway and shipping communication will also 
ivuire fiis attention, and here he will consider the 
-ility with which a tramway may be constructed, 
^ ^ther it may be connected with a railway or other 
*^lic outlet on the property of the owner of the quarry, 
l^y the payment of way-leaves to other proprietors ; 
^ necessity for inclines, the length of these, with 
'^l)able cost, together with the nature of the ground 
^^r which the tramway will have to be made, will 
^^inand his attention. It would, indeed, be the perfec- 
Aon of a quarry where everything would be perfectly 
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satisfactory, and the combination of all desirable ad- 
vantages is not to be expected, and the business of the 
inspector will be to balance the various drawbacks and 
advantages, and so arrive at his decision. 

Supposing his report be a satisfactory one, the 
question that next arises is, the amount of the price to 
be paid to the original adventurers for the acquire- 
ment of their interest in the property : for it will be 
readily conceded that they are entitled to a considera- 
tion for their enterprise, intelligence, and the risks 
they have incurred. 

The price paid for slate properties necessarily varies 
greatly, and it is aflFected by many considerations, as 
whether the spirit of enterprise is jubilant, or, as at the 
present moment, depressed. In times of speculative 
mania, almost fabulous siuns have been paid for these 
and similar properties among collieries and mines. 
The price will abo be aflFected by the law of supply 
and demand for such properties. The following con- 
siderations may be helpful to the purchaser in deter- 
mining his side of the matter : — 

1. What unusual advantages, as to royalty, time, 
and other matters has the vendor secured in his lease, 
and what at this juncture is the value of them to the 
purchaser ? 

2. What are the natural and conmiercial advantages 
of the quarry — the first as they aflfect cheapness of 
working, the second as they aflfect transit to the market ? 

3. Have the testing operations been judiciously con- 
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ducted, and have they, by their completeness lessened 
greatly, or entirely removed, the risk of failure ? For 
it is clear that it is better to pay a good price for a 
property thus proved, than half the sum where the risk 
of failure remains. 

4. Supposing the future earnings of the quarry will 
1)6 20 or 30 per cent, for a period of thirty years, what 
-would be the capitalised value at either of these rates 
of the interest on sum already expended by the vendor, 
together with the principal itself? 

5. What bonus does the vendor deserve for origin- 
ating the undertaking ? 

6. What further amount of money will be required 
for its development, and what is the property worth as 
it stands to the purchaser ? 

Special considerations will arise in each particular 
case which will have to be determined between buyer 
and seller. The following examples of recent sales 
may be of use : 

1. Slate bed a mile in length, 250 yards wide. 
Small cutting made into slates. Slates split fairly well. 
Royalty one-fifteenth. Lease fifty years. Price 1,200/. 

2. Slate property with two beds of slate, one 25 
yards, and the other 250 yards wide ; both nearly a 
mile long ; ground 800 acres. Railway provided to run 
through property ; present distance from terminus two 
and a half miles. Lease thirty-three years ; royalty, 
one-fifteenth. Tunnel 30 yards in slate rock ; small 
open quarry; slates good. Price 1,500/. 



92 SLATE AND SLATE QUARRYING. 

3. Freehold slate property, 30 acres, seven cottag-^ 
close to tramway ; small quarry ; two bargains in fvi^T.! 
work ; working at a profit. Slate rock equal to 3,000 
tons a year for thirty years. Price 7,500i. 

4. Open quarry ; four bargains opened ; slaLt^s 
blue, thin, smooth, and good; one and a half mil^s 
from tramway; water-power. Lease forty yeaar«. 
Eoyalty one-fifteenth. Price (asked in this case) 7,000/. 
No railway inclines or outside erections. 

It is usual, whatever price be fixed upon, for tine 
money to be paid by instalments, payable over a giv^^ 
time. I need hardly say that when several agents starxd 
between the purchaser and vendor, the price is inevital>ly 
increased; and that one drawback to the success <^^ 
public companies is the great cost often incurred i^ 
their construction ; to which is frequently added large 
sums for promotion-money ; so that the concern is oft>^^ 
saddled with a dead weight from its commencement- 



CHAPTER XIV. 

r^ MANNER AND COST OF DEVELOPING A 
^LATE QUARRY UP TO A GIVEN PRODUC- 
TION 

^POSING the terms of the purchase have been ar- 
iged, the property has now to be brought into 
xking order, and it is for us in the next place to 
luire into the best manner of doing this, together 
bh cost of the work up to a certain point, from 
tich point the property may be most extensively 
veloped, either slowly, by laying aside a portion of 
^ profits for the purpose, or quickly, by the employ- 
-nt of fresh capital for the purpose. 

If the stage proposed be reached successfully, the 
Penditure of money in the construction of inclines, 
'^ways, reservoirs, offices, and houses, may then be 
^ly undertaken, and the amount necessary for these 
"^ide works will form the subject of a separate in- 

Xn all quarry operations it is of the utmost im- 
"t^ance that there should be as few day-workers as 
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possible. The work should be by contract, and the 
removal of waste and top rock should invariably be 
by weight. One of the first things, therefore, in the 
beginning of a quarry is the purchase of one or more 
weighing-machines, over which the rubbish-waggons 
may be taken and weighed. The prices paid for various 
kinds of work in the following estimates are the aver- 
age of those paid for similar works at the present time. 
The estimates will, of course, be affected by local con- 
siderations, but they will be sufficiently near for all 
practical purposes. 

1. Open quarry, to be worked in galleries on a 

hillside. 

I propose first to estimate the cost of developing 
an open quarry upon a hill-side to the extent of eight 
slate bargains, estimated to produce altogether about 
250 tons of slate a month. To provide space for the 
working of these bargains we should want two galleries 
of four bargains each. We will assign a space of ten 
yards in length for a bargain, and on this calculation 
each gallery should be forty yards in length, rather 
more than less. The face of a gallery firom the floor of" 
one gallery to that of another is fifteen yards — occasion* 
ally more. The width of a gallery from its face to the 
face of the next behind it should not be less than twenty 
vards ; so that for each gallery a space of forty yards by 
twenty would have to be cleared ; and, allowing for the 
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slope of the hill, this clearance woidd be at least to 
an average depth of eight yards. 

Fig. 28 represents a section of a quarry of this 

^iescription. The face of the incline shows the actual 

rfope of the hill on which it is proposed to open the 

quarry. From the steepness of the face and from the 

^^t that the slate rock crops out on the surface, the 

^orks will be begun by open cuttings ; but if at any 

^JDie a gallery is opened below No. 1 it will have to be 

approached by a tunnel through hard rock, from the 

^nd of which an opening 1a will be made to the floor 

^^ No. 1 gallery. Such communication will be made 

^y sinking down from that floor, and by opening up 

^^tn the end of the tunnel simultaneously. 

Before commencing operations it will be necessary 
^ fix the position of the incline, which will be placed 
^^ as not to interfere with any extension of the galleries 
^^ that direction, or with the working of them. 

It is proposed to start with gallery No. 3, and to 
^•^e an opening forty yards wide into the hill, until it 
Presents a face of solid slate rock fifteen yards in depth. 
At this point gallery No. 4 will be commenced, though 
Possibly some clearance as a preparation for it may be 
*^gun before. This No. 4 galleiy will also be carried 
^^^ same width into the hill until it also presents a face 
^^ Solid face rock fifteen yards deep. A third gallery, 
^^. 5, will be begun in like manner, and carried into 
^^^ hill about half the width of the others, when it will 
*^ possible to work Nos. 3 and 4 together, the No. 3 
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baving previously been brought into operation. The 
cost of clearing top upwards from the middle of No. 5, 
will be chargeable to revenue account. The galleries 
Nos. 1 and 2 may be formed, and the length of the gal- 
leries extended, as I have said, out of revenue or capital, 
^ the case may be. 

The cost will be as follows : — 

£ s. d. 

Clearing top* rock for gallery No. 3, 40 yds. x 

20 X 8 yds. deep ; 6,400 cubic yards = 

12,800 tons, at U, per ton . . . 640 

Bo. for gallery No. 4 640 

Half do. for gaUery No. 6 . . . . 220 
Taking 30 tons of slates as the monthly pro- 
duction of an ordinary slate bargain, the 
quarry would be equal to a production of 
240 tons per month of four weeks. To 
work the quarry, the following plant 
would be required : — 
Twenty slate or tram waggons, at 7/. . . 140 
t'ive tons 16-lb. bridge rails, 6^. 10«. . . 32 10 

400 sleepers. Is. 3d. 25 

Spikes 3 

Two weigh-machines and sheds, 20/. . . 40 

Smith's shop and tools 100 

Small barracks 80 

Sundry tools and appliances .... 100 
Manager and odd labour, two years . . 300 
Contingencies, 10 per cent 272 

£2,692 10 

^f which 1,500?. would be spent in the quarry, and 
''^e remainder on plant and materials. 
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. Chambered quarry worked undergrov/nd by means 

of adits or levels. 

In a quarry of tMs description the floors answer to 
ie galleries in an open quarry, although if the slate 
>ck be twenty yards or more in thickness, each cham- 
3r will have in itself two or more galleries or steps. 

Fig. 29 is a section of such a quarry worked on 
iree floors from the face of a hill. When the slate 
>ck cannot be approached by levels driven in the 
irection shown on the figures, these may be driven 
i: right angles, and enter the slate rock on the upper 
de of the slate bed, at point a, floor 3. Or if the hill 
opes rapidly on the north end of the section, the levels 
^y be driven on that side and the slate rock struck on 
* upper side. In this case the slate rock is supposed 
> be approached by adit levels from the steep side of 
hill, along which, for a mile or more, the beds crop 
It as shown on the section. Ordinarily, however, their 
ope or inclination is hardly so steep. 

Usually, the first level driven is that on floor 1, which 
taken right across the slate bed to the overlying hard 
Kik. From this point a level, or cross cut, is taken east 
Id west, as shown on the ground-plan of the floor of 
e quarry, fig. 30, to a distance of forty yards on 
iher side. Chambers 1 e and 1 w may now be com- 
inced and prepared a width of twenty yards each. A 
;le saving may be effected by opening one of these 
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chambers in the place of one of the pillars on either 
side of the level, but it is always well to have your way 

into and out of the quarry 
well secured. In opening a 
chamber the miners, who in 
such quarries always precede 
the quarrymen, b^n by 
making a narrow opening of 
about three or four feet wide 
^ just imder the hard rock, 
> as shown at b in fig. 29. 
">% When they have done this 
■^ for some distance forward, 
the quarrymen may begin to 
get blocks for slates, and 
their operations are fecili- 
tated by their making a 
gutter or trench, or loose 
end as it is called, along one 
side of the chamber. From 
this, which is deepened and 
carried forward as they pro- 
ceed, they begin to quarry 
the rock in steps, as shown 
by the dotted lines in the sec- 
tion and plan, figs. 29 and 30. 
The cost of the two latter 
operations are fairly chargeable to revenue account, the 
levels and cross cuts belong to that of capital. 
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The cost may be estimated as follows :^ 

Driving North and South Level, 7 ft. x 7 ft. 

66 yds. at 4/. 260 

East cross cut, 40 yards at 4/. ... 160 

West do. do. .... 160 

Allow 200 square yards of unroofing at com- 
mencement of chambers, at 8«. per yard, 
3 to 4 feet deep 80 

Do. 100 yards of loose ends, at 5«. . , 25 

Air pipes, fan, small water-wheel, or donkey- 
engine to drive do. for ventilation . . 1 00 

For plant, dec., as per particulars in estimate 

of open quarry, say 1,200 

1,985 
Add 10 per cent, contingencies, say . . 200 

i:2,185 

The produce of the two chambers when in full work 
should nearly equal that of the two galleries in the open 
qnarry. From this point additional chambers may be 
developed and the lower floors, 2 and 3, commenced, as 
circumstances and means may determine. 

Twenty yards is the ordinary width of a chamber, 
but it may vary more or less, according to the nature of 
the hard rock roof. 
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CHAPTER XV. 

MANNER AND COST OF OPENING A 8LA^ 

Q UARRT—amcluded. 

3. Underground quarry worked by shafts. 

When the slate bed is inaccessible on a property 
means of adits, as in the last instance, and it is covef'' 
by a considerable thickness of overlying hard rock, 
is approached and worked by means of shafts like ^ 
ordinary colliery, as shown in fig. 31, which represen 
a section of a quarry of this description. 

The winding shaft a should be sunk, if possible, e 
as to strike the bed at its deepest point on the property 
and the quarry- should eventually have another shaft M 
for ventilation. The first thing to be done is of coutsm 
to sink the shaft a, which may be of the size of 16 fee'^ 
X 9 feet. This size would admit of two ropes anc? 
cages. The groimd plan, fig. 30, will also do for this 
quarry, and supposing the shaft a to strike the plan at 
the point rN, levels would be driven forty yards either 
way as in that case. When these levels reach the side 
of the intended chambers nearest to the shaft, it would 
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be necessary to open up to the overlying hard rock, in 
order that the unroofing may be commenced imme- 
diately under it. It is never safe to leave a portion of 
slate rock hanging from the hard rock above the cham- 
ber. As soon as possible a communication should te 
opened between the chambers in their upper portion, 
and the shaft b sunk so as to meet this commimication. 
The ventilation of the quarry may afterwards be regu- 
lated as desired, and all directed towards this point. 

I have assumed in the diagram that the shaft has to 
be simk to a depth of 75 yards. The shaft is fitted 
with guides, wood gearing, and a pit head, as in a coal 
pit, but the whole work and gearing, from the heavy 
weights to be lifted, is of a more substantial character 
than that usually seen at collieries. Below is the ap- 
proximate cost — 

£ i. d 
Shaft, 76 yards, 16x9, at 15/. per yard. . 1,126 

Two levels, 40 yards each ; 80 yards, at 4/. . 320 

Opening up to hard rock in chamber 1 b, 

40 yards, size of opening 9 feet x 6 feet, 

6/. per yard 200 

Do. for chamber 1 w 200 

Cutting free side from this opening the fuU 

width of the chamber — after aUowing for 

opening and level — 38 yards x 17 yards : 

646 yards, at 7«. per yard . . . 226 2 

The same for the second chamber . . . 226 2 

Sinking shaft B, 10 feet x 7 feet, 30 yards, at 

IL per yard 210 

Forty yards of airways through pillars, to 

communicate with shaft B, at 4/. . . 160 

One pair 26 h.p. horizontal engines, with 

boilers ; fixing, engine house and chimney 2,760 

Pit head, pit gear, cages, Tope8,&c. . . 280 
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£ s, d. 

Pumps and gear, and fixing do, . . . 210 

Engine-man, two years 180 

Stoker do 180 

Coal 260 

Two banksmen at 240 

Plant, management, &c., as in the other 

quarries 1,200 

7,917 
Add 10 per cent, contingencies, say • , 800 

£8,717 

The cost may be lessened by 160i. by reducing the 
size of the pillar at the bottom of the shaft to 20 yards 
ii^stead of having it as a double pillar as provided for 
^oove. The timnels and airways would be twenty yards 
shorter each. The engines, gearing, cages, &c.i provided 
'•^r above, would be equal to the working of the quarry 
^^^ a much larger production than would be derived from 
^*^© two chambers. 



4. Open quarry worked below the level of a flat 

country. 

To this class most of the quarries that are worked 

^ the NantUe district belong. Where there is not 

^^fficient water-power at hand, a shaft has to be 

^^Uik with the aid of a steam-engine, driving cross 

funnels as in the former cases, and from these stope 

Or cut down a free side on what is to be the deepest 

side of the quarry. Or a long trench or loose face 

of sufl&cient length for a couple of slate bargains 

♦h6 
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may be takeo downwards to the depth desired. Pum] 
ing will be nece»«ary to keep Ihe eicavation dry, whic 




where practicable is done by water power, but steam 
has to be used very often. The winding of the slate 
blocks and rubbish is done by steam power by means 
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framework and winding gear like that shown in 

■"ig. 32 represents a quarry of this kind. The first 
; to be done is to remove the top drift b, and the 
3 top rock c. A shaft, or more generally a long 
sh, is then taken down at a, which when down a 
dent depth for a gallery is worked backward towards 
miding machinery. When sufl&cient space is cleared 
trench is continued downward to the depth of 
lier gallery, and so on as deep as the slate rock 
nues, or it is practicable to work it. The cost 
ring such a quarry into a profitable state under 
larily £Eiyourable circumstances will be as follows : 

£ ». d. 

emoving top drift and waste rock, 40 yards x 
50 X 8 deep— 16,000 cubic yards— 32,000 

tons, at 1« 1,600 

roportion of cost of shaft, or trench, below 
line of drift and top rock, 40 yards x 15, 

at 10». per yard 300 

ne 25-h.p. semi-portable engine, with pump- 
ing gear attached 700 

amps and fixing 100 

bed 50 

rinding gear 260 

ngine-driver, two years 180 

toker 130 

ne banksman 120 

oal 180 

lant, management, &c., as in the oihcr 

quarries 1,200 

dntingencies, say 400 

£5,220 

a estimating the relative value of each of the four 
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kinds of quarries just described, the decided prefere: 
must be given to the open quarry worked in gallej 
on the hill-side, as being most easily and chea 
worked and developed. Next comes the open sunt 
quarry, which has the advantages of daylight. 1 
chambered quarry No. 2, may be worked nearly 
cheaply as the last, but it labours under the disadvs 
tage of darkness, in which the men are not able 
distinguish so readily between good and bad sla 
blocks, and in which they work in other respects at 
disadvantage. There is the danger also of falls of ro< 
from the roof, which cannot be or is not examined 
readily and frequently as the chamber deepens to tl 
width of the slate bed. Still it must not be forgott^ 
that some of the best quarries in the Festiniog distri* 
are worked on this plan ; thin veins, of 25 to 40 yar( 
in thickness, being generally, purer than thick vein 
and yielding a larger proportion of finished slate i 
the entire mass. In his report for 1877, T. Fannii 
Evans, Esq., Her Majesty's Inspector of Mines, f< 
North Wales, very properly directs attention to tl 
necessity of a more frequent examination of the roo 
of chambers than has hitherto been customary, and i 
the need for more caution generally, in the working 
chambered quarries. The most expensive to develc 
is the No. 3 or underground quarry worked by shaft 
Happily the necessity for working by this method h 
not hitherto been great. Nor should a quarry on th 
plan be undertaken unless the slate rock is of sufficie: 
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thickness— twenty-five to thirty -five yards — and is 
proved to be of good quality. In many quarries there 
are combinations of these diflFerent methods. At Fes- 
tiniog, for example, many of the quarries are worked 
partly in chambers and partly in galleries. Sometimes. 
as in the Llanberis and NantUe districts, galleries 
above and excavations below the mean level of the sur- 
rounding country are worked. And in laying out a 
quarry, these probable combinations have to be taken 
into account. 



CHAPTER XVI. 

OUTSIDE ARRANGEMENTS, PLANT, AND EREC- 
TIONS USUALLY REQUIRED BY ALL TSE 
FOREGOING QUARRIES, 

As the quarry is successfully approaching the stage of 
development indicated, attention will be demanded and 
justified to the outside arrangements for conducting the 
business of the quaiTy in the most efiFectual manner, and 
to the means whereby its produce may be most cheaply 
and quickly put in the market. We will begin with 
the last of these first. The gauge of the proposed 
tramway will be a point for first consideration. It may 
be set down as a rule that the narrower this is, consis- 
tently with its safe working, the more convenient will 
it be as it traverses the quarry, dressing sheds, and store 
yards. A two-feet gauge or, more strictly speaking, one 
foot eleven inches and a half between the rails, is the 
ordinary gauge in North Wales. This is the gauge of 
the well-known Festiniog Railway, over which is con- 
veyed a large passenger as well as mineral trafiic. The 
Croesor, the Grorsedda Junction, and the North Wales 
Narrow Gauge Railway, are of the same gauge, so that 
we may infer that the gauge is a safe and convenient one. 
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Most quarries are situated on high grouud, and one 

the first requirements is one or more * inclines ' by 

ich the produce may be brought down to a con- 

lient level, from which to start the tramway. An 

line is sometimes constructed with a single pair ot 

Is having turnouts at convenient points. A second 

id is one with three rails with similar turnouts. The 

>st complete and least likely to get out of working 

ler, is one with a double line of rails from top to 

btom, and this is the kind that, unless the quarry 

ner is greatly pinched for money, should be adopted. 

le following particulars of an incline just completed 

Q aflford reliable data on which to calculate the cost 

an incline according to its length: — 

£ i, d. 

Length of incline 308 yards, moderate cut- 
tings and embankments. Ground contain- 
ing many large boulders. Gauge, 1 foot 
11^ inches inside the rails. Cost of 
labour, inclusive of forming the earth- 
works, laying and ballasting the rails, 
and erecting masonry for drum and fixing 
the latter, all labour complete; double 
line of rails 

Brum, 4 feet 6 inch barrel, iron rims, with 
break and all necessary gearing 

320 sleepers, at U, 3d. each . 

Nine tons of 16-lb. bridge rails, at 61, I2s, 6d. 

4 cwt. spikes at 30s 

700 yards of 1-inch steel rope • • 

£340 12 6 

avier rails and better earthworks than those used 
i constructed in this case are desirable, so that we may 
:e the incline as costing 30d. per yard. 

•h 8 
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I will next give the details of the cost of construe 
ing one mile of tramway on ordinary unenclosed moui 
tain land, earthworks not heavy, and no bridges, exce^ 
culverts for small rills. Single line of rails, gaug 
1 foot 11 i inches between the rails: — 

24 tons of 16-lb.. bridge rails, 61. I2s. 6d, . 159 4 

1,800 sleepers, at U. Bd Ill 5 

Spikes 16 

Making toad, laying rails, and ballasting, 28, 

per yard (cost really under this sum) . 17*6 



£461 9 



It may therefore be safely assumed that under 
ordinary circumstances a tramway suitable for the pi 
poses of a slate quarry may be constructed under 50* 
per mile. 

In order to save time and slate blocks it w 
probably be decided to build a machine house, and 
erect machinery. 

Fig. 33 may be taken as showing an ordinary usefi 
size of house and arrangement of the machinery. Th 
cost may be estimated as follows : 



Erection of building, with water-wheel pit . 
Water-wheel, 30 feet diameter, 4 feet breast, 

with landers or troughs, and fixing do. 
Six saw-tables, B B, at 40/. each . 
Two planing-tables for slabs, 85Z. . 
Sixteen slate-dressing machines, 151, 
Shafting, straps, and gearing 
Sundry small tools, sharpeners, &c. 
Four turntables, 121. 
Bails and sleepers ... 



£ 


8. 


d. 


650 








160 








240 








190 








240 








350 








75 








48 








25 









£1,978 
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The above will suflBce for a large amount of work, 
but if slab-making with ridge-roll-making to any great 
extent is required, a separate machine house had 
better be subsequently provided for the purpose. 

To turn the water-wheel water will of course be 
required, and it is generally necessary to store this in 
reservoirs during the time the machinery is not in use. 
For this purpose a sum of 500L should in ordinary 
cases be ample. 

An office will be required at the quarry, a workshop 
for carpenter and fitter — the smith's shop is already 
provided for. 260i. should suffice for these, together 
with two additional weigh-machines and sheds. 

Then a crane, winzes, turntables, chains, hooks, 
ropes, &c. will be required, and we may set down SOOi- 
for these. 

Slate waggons will in most cases be required— the 
exceptions being where the quarry is close to an ordinary 
gauge railway, and where a public narrow-gauge rail- 
way finds rolling stock, slate waggons, such as are 
ordinarily used in Carnarvonshire — cost about 12/. each. 

If the quarry is situated at some distance from a 
working population, the question of house acc6mmoda- 
tion will have to be considered. The building of 
cottages may be regarded as a separate undertaking, 
an ordinary building speculation. Still it may be a 
necessity for the due working of the quarry. At all 
events barrack accommodation will have to be provided 
in order that the men may remain on the groimd from 
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londay to Saturday. 5001. will go a long way in such 
rections, which are like simple cottages built in a row, 
ach of which will lodge from eight to ten men. The 
aen nsnally pay about one shilling per week each for 
ent. 

Let us now take an actual case, and sum up the fore- 
i;oing outside expenses, allowing a little extra on some 
)f the items. 



First incline, 500 yards, say . « 

Second at 250 yards, say 

One and a half miles of tramway, at 

per mile 

Machine house and machinery 

Beservoir 

Office, fitters* shop, weigh-machines 

sheds 

Cranes, winzes, tnmtables, points, &c. 
Twelve slate waggons, 121, each . 

Barracks, &c 

Add for additional rails and sleepers 
Carriage of materials, say 2^ per cent. 
Add for contingencies 10 per cent., say 



£ i. <f. 



5002. 



and 



625 








. 312 


10 





, 750 








. 2,000 








400 








260 








. 300 








144 








600 








100 








, 125 








. 530 









106.046 10 



It is difficult to say to what production of slates and 
dabs the foregoing plant would be equal, but I may say 
roughly that by adding slate waggons as required, and 
taken with the slates made by the galleries, it may be 
equal to a yield of 10,000 tons a year, possibly more. If 
the reader will add the sum above given to the amount 
required to develop each kind of quarry to the extent 
lamed in the former chapters, and add 3,000^. for 
iirther developments in the quarry, and for working 

•i 2 
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capital, he v^ill gain a fair idea of the total cost, under 
the circumstances here supposed, of developing a slate 
quarry up to the production last named. How much 
of it is to be found at once as capital, or how much to 
be capitalised out of revenue, must be determined ac- 
cording to the circumstances of each case. The figures 
will stand thus : — 

1. Ck)8t of open qnany in gsdleries up to 8 

bargains, as per particulars . . 2,592 10 

Outside expenses 6,046 10 

Add for development equal to 10,000 

tons a year 8 000 

£11,689 

2. Ck)st of chambered quarry, as particulars 2,185 

Outside expenses 6,046 10 

Further extensions as above • • . 8,000 

£11,2^)1 10 

8. Cost of underground quarry, worked by 

shafts , 8,717 

Outside expenses 6,046 10 

Further extensions • • • • . 8,000 

£17»768 10 

4. Cost of open quarry below suxf aoe . . 6,220 

OutAide expenses 6,046 10 

Farther eztensioxw • • • • . 8,000 

£li,266 10 



CHAPTER XVII. 
ON THE WORKING OF A SLATE QUARRY. 

NEED hardly say that, in the first place, a suitable 
Anager must be found, for on his special knowledge 

* the particular slate bed of the neighbourhood gene- 
%, and on his experience in working and in the man- 
jement of the men, the success of the enterprise wil 

• a very large extent depend. 

A gallery being ready, it is parcelled out into 
bargains.' A * bargain ' consists of a portion of the 
id gallery, varying from ten to fifteen yards in 
feadth, which is let each month to men who agree to 
uarry the rock and to deliver the slates made by them 
om it to the company at a given price. The number 
f men to a bargain is usually six, of whom two are 
iiarrymen and the remainder splitters and dressers, 
enerally the company pay the trammers, who convey 
le slate blocks from the quarry to the dressers, and 
ho also remove the waste. The company finds the 
ills, hammers, and other tools ; the contractors pay- 
g for the sharpening and repairs of the same. The 
tter also pay for powder, fuze, and candles used by 
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them, the price of the whole, known as ' cost,' being 
deducted from the amount earned by the bargainers at 
the monthly settlement. There is a fixed scale of 
prices, by which the men are paid for the slates thej 
make, which will be given in the chapter on the results 
of working. The variations in the quality of the rock, 
in each bargain, as that may be aflfected by * posts,' 
crychs, ' bends,' sparry veins, faults, joints, and hardened 
rock, are provided for by a system of poundage. This 
consists in adding so much in the pound to the earnings f% 
of the men. It is seldom if ever now that the list 
price is sufficient pay in itself, so that the 'poundage FJc 
begins generally with 78. 6d. and reaches as high as 2L '^ 
The worse the quality of the rock, the larger the^/^t 
amount of poundage ; and here it is that the qualifica- ^^ 
tions of the manager, his knowledge of the rock, hi8 
observation of the way in which the men have workedj 
and his knowledge of their character are all tested, as f 
the amount is fixed month by month. To make thi^ 
matter of poundage plain, I may observe that if tb^ 
earnings of a group of six men were, according to tb^ 
list price, 16i. for the four weeks, lOs. poundage would 
increase it by one- half; or to 24^., 20«. poundage 
would double the amount earned, and so on in propor- 
tion. Let us now follow the various processes under- 
gone by the slate rock, from its position in its parent 
bed to its position as slates placed in a row ready for 
sale. 

The first operation is that of quarrying the blocks. 
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The most &vouTable position of the rock for doing this 
is wlieD the beds and the cleavage dip or incline 
towards the face of the quarry and to the man who is 
working, aa in fig. 34. Fio. 31. 

Gireat care is, however, 

necessary in keeping the ^JJ^AiTTfltB***' 

t<^ beds quarried well back, 
otherwise the danger of a 
ftU &om rocks in this posi- 
tion is great. The hole is 
made by an ordinary drill, '^ 

which may be used by one man lifting it up and down 
.aa a jumper, or by two men, one turning it in the hole 
and the other striking it with a hammer. The particular 
BKthod will depend upon the position of the hole and 
the preference of the men. At the Cambrian Quarrieei, 
UanberiB, the use of the Burleigh Rock Drill has been 
introduced with considerable success, the men, it is 
wid, being willing to pay the same price to the owners 
of the quarry for drilling a hole with this macbine that 
ti>e hole would cost them if it were bored by hand, they 
Wng gainers by the saving of time effected by this 
niethod. The variety known as the ' Jumper Drill ' is 
aid to bore a bote 2 inches diameter and 10 feet deep, 
st the rate of 1 foot in seven minutes, the cost to the 
company being 5^d. per foot, including all expenses. 
The cost of the same if done by hand is from 8d. to 9d. 
per foot. The explosive generally preferred is the 
ordinary rock-blasting powder, the objection to Utho- 
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firacteor and shnilar combinations of nitroglycerine 
being the suddenness and force of the explosion, which 
shatters the rock. The force wanted is a dull heaving 
one, which will heave and displace the rock without 
unnecessarily breaking it« The skill of the quanyman 
is of course tested by his ability to take every possible 
advantage of slips, joints, and floors, and to make each 
hole do the greatest possible amount of work. The 
depth of the hole and the amount of powder used will 
depend largely upon the right occurrence and use of 
these natural helps. Where the slate rock is very solid 
and not intersected by joints, as in some of the Nantlle 
quarries, a hole 3 inches in diameter is made, by a drill- 
ing machine known as Dixon's, to a good depth, and a 
charge of from fifteen to twenty pounds of powder 
inserted. This has the effect of bringing down a large 
body of rock, broken into good sized blocks. With 
small holes and charges the rock would be shattered to 
fragments. Where a large quantity of hard or waste 
rock has to be removed, it is common to use large 
charges of powder with large holes. If the mass be 
very great, a small chamber is made in the rock, and 
the whole mass blown down and shattered bodily. This 
is practised in some of the Llanberis quarries. In 
driving tunnels also nitroglycerine, dynamite, and 
other powerful explosives are often used. 

The blocks being obtained are now broken into 

convenient sizes to be sent to the slate-makers. Here 

again the judgment and ^WW ^i ^Xi^ cyjiarryman are 
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'sted. It is to his advantage as well as to that of the 
>inpany that as many slates as possible be got out 
f the block, with as little waste as can be helped, 
arge blocks are constantly crossed by ' crychs,' bends, 
amps, spar veins, and the like disfigurements and 
ndrances. 

Taking the block, he has to consider how in 
tting it up he may bring these to the ends of the 
ttes to be made, that they may be cut oflF in the 
essing. If the block is wide, he splits it lengthwise, 
as to suit two slates of the same or different widths. 
3 does this by making a notch at the end, and 
iving in a wedge along the line on which he wants 
e block to break, or by drilling a hole somewhere on 
at line; and placing in this two iron wedges, he 
ives a third down between them, when the block 
aally splits in the direction required. This opera 
m is known as ' pillaring,' and the quarryman is often 
led by a slight natural cross cleavage, like that 
•eady referred to, which is locally known as ' pillar- 
j.' If the blocks are too long, he crosscuts them in 
similar manner, having first split them up into blocks 

about 2 inches thick. It is in performing these 
erations that he avoids the blemishes in the block 
eady enumerated. The reduced blocks are now 
ded into waggons and taken to the dressing sheds, 
ich are little huts rudely built of slate rock, and 
ced in a row at a convenient place on the outside Of 
h gallery or floor of the quarry. Between these 
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Imts runs the tramroad by which the blocks are brought 
and the slates and waste taken away. Supposing a hut 
to contain a splitter and dresser, the process is as fol- 
lows : — The splitter is seated on a block, raised but 
little above the level of the floor ; the blocks are placed 
on his left hand ; he has a wooden mallet bound witl 
iron — for the blow from wood is better adapted for tbe 
splitting of the slates than one from steeL He tias 

Fig. 36. 
Splitter. 



adll 

iiser 

Th 




three or four splitters, fig. 35, which are thin chiseb 
with a broad fine edge. They range from 10 to I^j^e ^ 
15 inches in length, and the broad end is fiumtto \j^r^^'> 
3^ inches wide. He takes a block, and having viewed 
it to see what condition it is in, he places it agaimt 
his left thigh, with the smoothest and straightest end 
uppermost. He places his splitter in the centre, and 
makes two or three cuts all in a line ; the centre one of 
these he sends further into the block, which begins to 
split ; he inserts a second splitter, and works the two! 
backwards and forwards, the split extending down the 
block, and dividing it in two. This process is repeated 
until he gets the slates of sufficient thinness. EaiA 
time, however, greater care is required, and if thai 
material be fractious or crossed by bends, he has toP^^^^ 
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isert another splitter at the side, and humour the 
lock until he carries the split right through. He 
Laces the irregular shaped slates on his right hand, 
id they are ready to be squared into shape by the 
resser. 

The dresser sits with a carrier before him, fig. 36, 
hich is a wooden bench, on which is fixed a steel 

Fig. 36. 
Stool and Traverse, 




aife or frame. In his right hand is a long knife or 
resser, fig, 37. He places the slate block on the 



Fig. 37. 
Knife, 




2i 



Side, 



^ 



Fig. 38. 
Knife, 



Top. 



•rier, and trims one straight side and one straight 
1 at right angles to each otlaei. Ti^ tiq^ \a^Lfc'^ "^ 
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notched stick, fig. 39, with k spike on the end, a 
seeing, from long use, at once what sized slate the blc^ 

Fig. 39. 
Stick, 





jsha 



will make, he places one of the notches, which aree^«-^^ 
to suit the various sized slates, against the straig^l^^ 
side, and marks the opposite side with the spite- '^• 
He does the same thing for the length of the slafc^j 
and squaring the block to these marks, the result i^ * 
finished slate. If the slate be of first quality he plaC5^ 
it with the slate on his right hand, according to 
its size. If of second quality, among those on his left. 
If of third, with another heap, but the proportioa of 
thirds in an ordinary quarry is small. The slates are 
now ready to be stacked in the pile belonging to the 
bargain, to be duly examined, counted, and paid tot 
according to their value. 

Attached to a bargain there are usually one or mor^ 
* rubblers,' who often are the sons of the bargainer^? 
and are learning their trade. They select what slat.^ 
blocks they can from the ' rubble ' or waste rejected V>5 
the quarrymen, and make from these what slates tt^y 
can, at the list price, and a special poundage agr^^"^ 
upon. See the table of three bargains from the FeB*^^' 
niog district, given in Chapter XIX. 



CHAPTER XVIII. 

MACHINERY COMMONLY USED IN SLATE 
QUARRIES.—SLAB MAKING, 

quarries where machinery is used, the processes un- 
•gone by the block from the time it is split into ap- 
>2imate widths, and into thicknesses of two inches, 
iiflferent from the processes just described from that 
Int. Some rocks will not crosscut well, jagged edges 
Ing left, which are very unfavourable for the work of 
e splitter. The smoother the edge of the block the 
tter for his work. Then it is obvious that there 
ust be a good deal of waste of the rock in cross- 
tting, which might be obviated if the block could be 
t smoothly across. This smooth edge is gained, and 
e waste prevented, by the use of the sawing machine. 

The ordinary sawing machine is but little diflferent 
)m those used for sawing timber. It is driven by 
nd, pulley, and shafting moved by the water-wheel or 
5am-engine, as the case may be. The power required 
ly be estimated by taking one-horse power as equal to 
saw-tables. 

The blocks are brought into the machine house, 



126 SLATE AND SLATE QUARBYING. 

where they are taken and placed three or four deep oi 
the saw table, where they are speedily cut across anc3i 
handed to the dresser of the bargain to which the ;" - y 
belong. The attendant on the sawing machine has f — ^ f 
course to use the same discrimination in cutting tl^^e 
blocks across as the crosscutter would in the quarr y - y ^ 
There is a sawing machine used in some of tlie Lla^^^. 
beris and Festiniog quarries, known as Hunter's, whi^^^h 
has circular teeth, and which, although it wastes ratl^^^er 
more rock, is better adapted for cutting hard rock, a— r»id 
it is now much used for the purpose. Then there i^^ a 
sawing machine by which flags are cut up into squ^are 
lengths, 2^ to 3 inches square, for the purpose of be:i!?^ 
worked up into crest, rolls for roops. 

In a machine house the splitters are seated siong 
the walls close to the dressers, as shown in fig. 33. 
Mr. Hughes, of Aberllefeni Quarry, Corris, has invented 
a slate-splitting machine, but it is doubtful if any 
machine can take the place of the intelligent skil^ 
and humouring of the material which the best splitter^ 
can only gain by long practice. Mr. Hughes' machine caJC^ 
be seen in work at his quarry. The dresser is a machin^^ 
with a rising and falling knife after the fashion of ^^ 
guillotine, or rather shear«j. There are two kind^ 
chiefly in use — Francis', which is worked either by ar 
treadle or by machinery, the cutter being assisted in 
rising by a spring; and Mathews', worked by ma- r^' 
chinery, in which two knives are fixed opposite each 
other, their ends being fixed in two wheels about a yard 
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tpart. The knives are fixed somewhat diagonally, as 
he knives in a straw-cutter, and as with the wheels they 
3volve, they cut the slate in the most perfect manner. 

The notched wood is fixed by the side of the 
Bing and falling knife, and the dresser cautiously 
laces his slate in this, when the knife descending cuts 
' to size. The planing machine is constructed on the 
rinciple of those used in planing iron. They are 
lade of various sizes up to those which can take a slab 
Lxge enough for a billiard table. The ridge roll 
machine is a useful contrivance, by which the square 
^xigths of slab before referred to are gradually rounded, 
cid a notch formed on the under side, into which the 
upmost slates of the roof, made specially for the piur- 
ose, may be inserted and held together. The saw 
iarpener is a useful contrivance, for the saws used 
^uire sharpening, on an average, about twice a day. 

Among the outside contrivances at a slate quarry, 
'ference may be made to the water balance. This 
<tiple but useful appliance consists of an iron tank 
^ed upon wheels, and placed upon an incline. When 
lied with water it is able by its greater weight 
^ bring up slate blocks, or whatever is required, and 
^hen at the bottom, the water may speedily be dis- 
'liarged. Almost every quarry manager has his own 
adaptations of this contrivance, some of them very in- 
genious. Where the volume of water available on a 
slate property is not great, but the fall is considerable, 
i turbine may take the place of the water-wheel. An 
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example of the effectual application of this method 
water-power may be seen in operation at the 
goch Quarry, in Dolwyddelen. Where a water-wheel b^.^ 
to be placed at a considerable distance from a quairjy 
that requires to be drained by pmnping, force puiixp^ 
are sometimes worked by means of an endless wire 
rope, which is carried, by means of small pulleys fixed 
on posts, from the driving pulley on the water-wheei, 
to a pulley fitted on a double cranked axle, to which 
the pump rods are attached. The contrivance has thiB* 
drawback : in winter time the rope gets wet with rai^^ 
at the beginning of the night, frost succeeds, makin^^^ 
the rope as slippery as glass, in which condition i 
slips around the pump pulley without doing its work. 

The manufacture of alaha. 

Among the outgrowths of the slate trade in recen 
years is that of the manufacture of slabs, which is 
most valuable addition to the sources of income i 
many slate quarries. In all quarries there are, as w^ 
have seen, portions of the rock that have been hardenec^^'" 
by heat, or which are traversed by hard bands, or th* — *^ 
material of which has originally had hardly the pro^^ 
portion of fine loose material — silica, which seem^^ 
necessary for the perfection of cleavage, or rock, whid 
from other causes is not adapted for the manufacture 
of slates. 

Blocks of such rock can now be taken to the ma- 
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shine house, and planed down to the requisite thickness 
by the planing machines, and cut to size by the sawing 
machines, and may further be ground, scoured, polished, 
and otherwise made ready for manufacture into various 
architectural and domestic uses. The trade seems 
originally to have sprung up in Ireland, for we have 
seen how the slabs of Killaloe were formerly exported 
to this country. Among the uses to which the material 
18 applied, I may eniunerate the following : — 

Slabs planed only on one surface and squared at 
'ie edges for the flooring of bams and faria buildings 
*en.erally. 

Slabs planed and squared for the better class of 
Coring, as well as for hearthstones, doorsteps, and 
^^ like. 

Slabs planed and cut to size and fitted for public 
*i:nals, sometimes coated with enamel. 

Slabs planed for closets and sanitary purposes gene- 
•lly in camps, barracks, and public institutions. 

Slabs planed, cut to size, and dressed for chimney- 
■-^ces, which are now beautifully polished, richly oma- 
^^nted, and enamelled. 

Slabs made into stalls and feeding^troughs for 
^ttle in shippons and farmyards, which, from their 
cleanliness, are likely to supersede the old wooden 
fittings. 

Cisterns for water, oils, and acids, building stones, 
and where hard enough setts for side pavements. 

Eidge rolls and crests, tombstones. 

K 
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The manufacture may be considered in its infancy^ 
and the purposes for which the material will be useJ 
will in all probability be largely increased. The men 
are usually paid so much per ton for the finished slab& 
This varies somewhat, but the average price may b< 
taken at 8«. per ton. The slabs of the Corris district; 
line 3 d, and of the Llangollen district, line 4, admit of 
being most readily worked. Those of the former place 
are considered the best for taking enamel, and large 
quantities are sent to Bristol and London for that 
purpose. 

The manufacture of slabs into various articles is 
usually a distinct undertaking from that of the quarry 
enterprise. In and near the towns of Bangor, Car- 
narvon, Portmadoc, and Llangollen, there are manu- 
factories for this purpose. The quarry owners generally 
sell the squared and planed slabs to the proprietors of 
these establishments, as well as to builders and masons, 
although in some cases, as at Llangollen, the slab mill 
is worked by the owners of the quarry. 

The two following lists will between them give 
pretty full particulars of the prices of the slabs as 
adapted to various uses, subject to an advance since the 
lists were issued of fifteen per cent. : — 

i 



PBICES OF SLABS. 



131 



1874. 

SLABS. 

Letted Slabs of Promiscuous Lengtlis and Breadtlis. 

Purple Slabs planed, 



Xx)t 1, between 3 feet and 7 feet longhand P^to^ 
from 2 feet to 4 feet wide — £ 

h inch thick 3 



f 

1 

^ 
If 



» 



» 



«> 



» 



»> 



2 inches and upwards . . . . 

Xot 2, between 7 feet and 8 feet 6 inches 
long, and 2 feet 6 inches to 4 feet wide — 

1 inch thick 

H 
If 

2 inches and upwards 

Lot 3, cut in courses for paving to order, from 
1 inch thick and upwards, from 1 foot 
6 inches to 3 feet long, and from 1 foot 
to 2 feet wide, planed . . . . 



» 



>» 



>» 



3 
2 
2 
2 
2 
2 



8 
3 

2 
2 
2 



s. 

15 
5 

15 
9 
4 
2 




8 
3 

17 

15 

9 



d. 


















1 16 0/ 



,£3 



00 

I— I 






C7 



OQ 



O 

O 



Planed slabs of larger sizes than lots 1 and 2, \0s. per ton 
extra. 

Planed slabs prepared to particular dimensions to order, \Qs, 
per ton above the price of slabs of similar sizes in lots 1 and 2. 

N.B. — About 150 feet superficial of 1-inch slab is computed to 
;ireigh a ton. 

SLATE KIDGES. 



No. 1 Roll, 3 in. diameter, sides unplaned, 

6 in. wide and J in. thick 
No. 2 Boll, 2\ in. diameter, sides unplaned, 

6 in. wide and \ in. thick 
No. 3 Roll, 2 in. diameter, sides unplaned, 

6 in. wide and \ in. thick 
No. 4 Roll, If in. diameter, sides unplaned, 

6 in. wide and \ in. thick 
The roll and plates are sometimes sold at 62. per ton. 

K2 



%d. per foot. 
Id. 



%d. 



5d, 



M 



9f 



» 



8, 


d. 




2 


3 per foot 


2 


1 


» 


1 


11 


» 


1 


9 


» 


1 


8 


» 


1 


6 


11 
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CISTERNS. 

Not less than 5 ft. and under 15 ft. cubic contents . 

„ 10 ft. „ 20 ft. „ 

„ 20 ft. „ 25 ft. „ 

„ 25 ft. „ 30 ft. „ 

„ 30 ft. ,. 60 ft. „ 

„ 60 ft. and upwards „ 
An additional charge will be made for extra thickness an< 
work. 

1874. 

SLABS. 

As Sqtuired at the Quarries (Random Sizes), 

1 to 1^ inches in thickness .... Sd. per foot. 

2 inches ,, .... 4^^. ,, 
2 to 3 inches „ .... 6d, „ 

SAWN EDGES. 

Lotted flags, of promiscuous lengths and breadths, as under : — 
Lot 1 — 1 in. in thickness (not exceeding 10 ft. 

superficial) 

1^ in. in thickness (not exceeding 10 ft. 
superficial) 

2 in. in thickness (not exceeding 10 ft. 
superficial) 

2^ in. in thickness (not exceeding 10 ft. 
superficial) 

3 in. in thickness (not exceeding 10 ft. 
superficial) 

Lot 2 — 1 in. in thickness (above 10 ft. and 
not exceeding 18 ft. superficial) 
1| in. in thickness (above 10 ft. and 
not exceeding 18 ft. superficial) 

2 in. in thickness (above 10 ft. and 
not exceeding 18 ft. superficial) 

2J in. in thickness (above 10 ft. and 
not exceeding 18 ft. superficial) 

3 in. in thickness (above 10 ft. and 
not exceeding 18 ft. superficial) 

Slabs of larger sizes to order, Id. per foot extra, or per specia 
contract. 



^^d, per foot. 


ed. 


» 


l^d. 


» 


Hd. 


» 


10^^. 


>» 


Hd. 


}» 


Id. 


» 


Hd. 


)» 


IHd. 


»> 


U^d. 


M 
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Planing, Id, per foot each side. Polishing, Id. per foot each 
side. 

Mangers, from 28. 6d. to Ss. 6d. per foot lineal. 

Cisterns of ordinary square dimensions, under 100 gals., id. per 
gal. 

Cisterns, above 100 and under 500 gals., 3^^. 

Cisterns, larger sizes, as per agreement. 

Tombstones, from il. lOs. to 82. each. 

Headstones, 2 in. thick, 10^^. per foot. 

Gravestones, 3 inches thick, 13d. per foot. 

Chimney-pieces, from 58. each upwards. 

Do. for kitchens, from 14«. each upwards. 

Skirting, sawn and planed, 6 in. wide, 5^d. per foot lineal. 
Do. do. 9 in. „ 6^^. „ 

Edging for gardens. Id. per foot lineal. 

Ditto, sawn ends, 2d. „ 

Boll and Ridge, 7 Id. „ 
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tables ; the fifth contains the amount paid for the 
quantity of slates made ; the sixth, the value of the 
slates at seconds ; the seventh, the list price in July 
1876, only subject to an advance of 7^ per cent., not 
allowed in these calculations ; the eighth, the weight 
of all best; the ninth, the weight of all seconds; 
the tenth, the average weight; the eleventh, the 
computed weight per thousand of 1,200 of bests and 
seconds; the twelfth contains simdry remarks, ex- 
planations, and deductions. The whole table will, I 
hope, be foimd very useful. The month for which 
i± is taken was a good one. The average pro- 
ciuce of the same bargain for five months, including 
Xoss of time by men and all stoppages, was, as will be 
Seen by a table of the same bargain, given in the next 
cihapter, 38 tons per month. It should also be ob- 
served that both the weight and value of the slates 
X>or thousand were lessened by the large quantity of 
^ randoms ' made. 
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Particulates of a Slate Bargc^k k 

JULY 



Names of 
slates 


Sizes 


Quantity 

made per 

thousand 

of 1,200 


Price for 
making 

one 

hundred 

of 126 


Amount for 
making slates 


Value at 
Seconds price 


List Price J 

o/2nd i 

qaality, w- 

July M 1 




inches 




«. d. 


£ «. 


d. 


£ «. 


d. 


£ 1. d. 1 


Princesses . . 


24x14 


860 


2 9 


1 3 


4i 


10 12 


6 


12 10 \ 


Duchesses . . 


24x12 


2,560 


2 6 


3 3 


9 


28 1 


6 


11 1 


Do. small . 


22x12 


1,200 


2 4 


1 7 


Hi 


11 11 





9 12 6 1 


Marchionesses . 


22x11 


1,660 


2 3 


1 17 


U 


14 


6 


8 10 


Do. 


20x12 


500 


2 3 


11 


3 


4 5 





8 10 


Countesses . . 


20x10 


3,760 


2 


3 15 





28 2 


6 


7 10 


Do. wide , . 


18x10 


1,900 


1 6 


1 8 


6 


11 12 


9 


6 2 6 


Viscountesses . 


18x9 


1,600 


1 3 


1 





8 8 





5 5 


Ladies . . . 


16x10 


1,400 


1 3 


17 


6 


7 7 





5 6 


Do 


16x8 


2,260 


1 


1 2 


6 


6 





4 


Small do. . . 


14x12 


100 


1 3 


1 


3 


8 


9 


4 7 6 


Do. . . . 


14x10 


900 


1 


9 





3 16 


6 


4 6 


Do. . . . 


14x8 


960 


9 


7 


^ 


2 19 


4 


3 2 6 


Do. . . . 


14x7 


1,000 


7J 


.6 


3 


2 12 


6 


2 12 6 


Doubles . . . 


13x8 


1,000 


6 


6 


3 


2 12 


6 


2 12 6 


Do. . . . 


13x7 


60 


6 





3 


2 


3 


2 7 6 


Do. . . . 


12x10 


700 


9 

Per M. 
of 1,260 


5 


3 


1 15 





2 10 


Randoms . . 




4,760 


4 


19 





4 15 





10 


26,180 


18 15 


1 


145 9 


7 





Add poundage at 10«. 

Two trammers, 23 days each at 3«. 8^. 

Total cost in quarry .... 



£ s. 


d. 


9 7 


6 


8 8 


8 


36 11 


3 
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'^gollen Diatricty North Wales. 



Weight, 
if all Seconds 



TozisCw-tB.Qr8. 

3 16 2 
10 4 

4 4 
4 19 

1 10 
9 7 2 
4 9 1 
3 7 1 

2 18 3 

3 14 1 

3 3 

1 11 2 
18 2 
16 
15 
10 

2 



18 







O 59 18 



Average 
weight 



Tons Cwts. 
3 8 
8 18 
3 15 



4 
1 
8 
3 
2 
2 
3 

1 
1 
1 
1 




10 

8 

8 

19 

17 

11 

5 

3 

7 

6 

2 

2 





17 



Qrs. 

2 

3 
3 
3 

U 
1 

2 
2 
3i 
1 







54 3^ 



Computed weight 

per thousand 

of 1,200 


Best 


Seconds 


Cwt. 


Cwt. 


70 


90 


60 


80 


55 


70 


50 


60 


50 


60 


40 


50 


36 


47 


31 


42 


31 


42 


25 


33 


30 


37i 


27 


35 


25 


30 


20 


25 


20 


25 


18 


21 


23 


27 



Explanatory remarks 



No. of men on bargain — 

Quarrymen, splitters, 
and dressers . . 6 

Trammers conveying 
blocks and waste . 2 

No. of days worked 
by each man . . 23 

Proportions of best slate 
to second quality, two- 
thirds. 

Weight of 26,180 slates, 
54 tons 3 qrs. 

Average weight per thou- 
sand of the whole pro- 
duction, a little over 
two tons, or the weight 
of 20 X 10 

Average value per thou- 
sand, leaving out frac- 
tion, bL l\s, 6rf. or price 
of 18x9 best, adding 
7J per cent. 

Average value per 
ton .... 2 13 8 

Add 7 J per cent. . 2 4 



£2 16 



Cost per ton in 
quarry . . . 13 4 

Gross profit per 



ton 



.228 
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The next table of particulars is from the Festiniog 
district. It comprises an underground bargain and an 
open double bargain for May 1877, and an open bargain j 
for May 1874. It also comprises various poundages, all 
of which are higher than that paid in the last table. It 
has not been thought necessary to repeat some of the 
details given in that table, but instead we have the 
total amount of rock removed in each case, the weight 
of the blocks sent to the machine-house, and the actual 
percentage of finished produce derived from the rock 
removed. The table, therefore, is of special value. The 
following is a summary of the value, cost, and gross 
profit from these bargains : — 

No. 1. No. 2. No. 3. 

TonCwts.Qr3. Ton Cwts. Qrs. TonCwts-Qs- 
Average weight per thousand 220 . 250 . 250 

(May 1874). 
Average value per ton, as per £ s, d. £ s, d. £ s. d. 

schedule . . . .402. 427. 2 17 9 
Cost in quarry . . .1 12 0.120.0 18 4 






Gross profit in quarry . £2 8 2 .£307 . £1 19 5 

Taking the three bargains together, we have the 
averages as follows : — 

Average weight per thousand, 2 tons 4 cwts., or the weight of 
slates, 20 x 10 best. 

Average value per ton, reckoning No. 2, which 
is a double bargain, as two bargains, or 
the value at present prices of 20 x 10 £ *. d. 
slates, second quality . . . . 3 16 9 
Average cost in quarry, taking No. 2 as two 

bargains 13 7 



Vi 



Average gross profit in quarry . . . . £2 12 2 
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PaHiculars of Bargains in the Featvaiog District. 






No. 1. 


No. 2. 


No. 8. 






Underground 


Open Bargain 


Open Bargain 


Make 




Bargain for 


for 


for 






4 \reeks ending 


4 weeks ending 


4 weeks ending 






May 19, 1877 


May 19, 1877 


May 80,1874 




Inches. 


No. of Slates 


No. of Slates 


No. of Slates 


Ist Quality . 


24x14 


2,160 


2,160 


2,900 


» • 


24x12 


1,400 


7,300 


1,700 


» ' 


. 22x12 


360 


760 


700 


n 


. 22 X 11 


460 


2,660 


1,000 


» 


. 20 X 10 


4,160 


13,660 


3,900 


}> 


. 18 X 10 


660 


1,800 


1,460 


»> 


. 18x9 


1,200 


2,860 


960 


» 


. 16x10 


300 


1,100 


760 


» 


. 16x8 


1,600 


3,960 


1,300 


}) 


. 14x12 


60 


100 


200 


)) 


. 14x8 


800 


1,400 


760 


a 


. 14x7 


500 


2,060 


560 


)> 


. 13 X 10 


460 


460 


1,060 


a 


. 13x7 


300 


600 


300 


it 


. 10x8 


1,100 


860 


500 


2nd Qnality 


. 24x14 


200 


160 


500 


99 


. 24 X 12 


160 


360 


460 


99 


. 22 X 12 


60 


60 


300 


99 


. 22x11 


60 


260 


260 


» 


. 20x10 


600 


900 


1,400 


»9 ' 


. 18 X 10 


60 


260 


500 


99 


. 18x9 


260 


500 


400 


99 


16x10 


60 


160 


200 


99 


. 16x8 


200 


660 


700 


9» 


. 14x8 


200 


200 


300 


99 


. 14x7 


60 


200 


200 


99 


. 13 X 10 


100 




360 






16,340 


44,460 


26,640 


^onndage to 


Bargain 








takers 




30s, 


25s. 


20s. 


*onndage to '. 


Rubblers 


20s. 


40«. 


25*. 


k.verage ponn 


dage . . 


29s. Bid. 


25s. llfrf. 


2U. Sid. 
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Particulars of Bargains in the Festiniog Distri 

CoNnxusD. 





No. 1. 


No. 2. 


No. 8. 




Underg^onnd 


Open Bargain 


Open Baigi 


Particulars. 


Bargain for 


for 


for 




4 weeks ending 


4 weeks ending 


4 weeks' em 




May 19, 1877 


Hay 19, 1877 


May 30, 18 


Men employed — 








Bargain takers < 


3 rock men 
1 slate maker 


4 rock men 
4 slate makers 


1 rock m 

2 slate mi 


Men paid by- 


2 slate makers 


1 rock man 


1 rock m 


bargain takers 




4 slate makers 


1 slate m 


at dia,7 wages 








Bubblers earning 


1 boy . . . 


2 men . . 


3 men 


what they can 








after men have 








selected blocks 








Filling and tip- 


2 labourers . 


2 labourers . 


1 labourc 


ping, paid by 








quarry owner 




— 


— 


Total .... 


9 


17 


9 


Tons Cwts. Qis. 


Tons Cwts. Qrs. 


TonsCTwts. 


Total rock moved 


247 


663 


344 


Of which there 


141 


314 


187 


were blocks to 








mill 








And slates made 


34 17 3 


100 9 1 


51 6 


Yield per cent. 


14-13 


15-16 


14-92 


from rock 








moved 


£ s, d. 


£ s. d. 


£ 9. I 


Average value 


4 2i 


4 2 7 


2 17 


per ton at cur- 








rent prices 
Cost of slate 








14 7 10 


42 18 6 


19 17 1 


making at 








standard prices 








Poundage on do. 


21 4 7 


66 14 6 


21 3 : 


Sinking ; cutting 


9 10 






bone and open 








side .... 








Filling, tipping, 


11 2 


12 8 7 


4 18 : 


and pumping 








66 2 7 


111 1 5 


46 19 \ 
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lext table is from the NantUe district. It also 

full table, and its special features consist in 

g the proportion of first, second, and third 

of slates made in the quarry, and also the 

earnings per man, when to the list price value 

ates made the poundage is added. When we 

ed the poundage and wages of trammers to the 

for slate making, as per list price, the total 

be production of each bargain will be as below : 

No. 1. No. 2. No. 3. 

£ s, d, £ s. d, £ 8. d. 

ite making . 29 9 . 14 17 1 . 19 11 1 
. 26 4 . 14 17 1 . 39 2 2 
mers, allowing 
to each and 
each bargain, 
day present 

. 940. 940. 940 



rgain in quarry £64 13 4 . £38 18 2 . £67 17 3 



iber of slates . 23,176 11,400 17,760 

Tons Cwts. Qrs. Tons Cwts. Qrs. Tons Cwts. Qrs. 
I weight . . 76 . 49 4 . 44 15 



£ 8, d, £ 8. d. £ 8. d. 

1 value . . 269 9 . 132 3 6 . 140 9 6 



weight per Tons Cwts. Qrs. Tons Cwts. Qrs. Tons Cwts. Qrs. 
id. . .300. 460. 2 10 



£ 8. d, £ 8. d. £ 8. d, 

rton . . 3 10 9 . 2 13 10 . 3 7 
ton in quarry . 17 1* . 16 11 . 1 10 10 



fit in quarry . £2 13 7J . £1 17 9 . £1 16 2 

£ 8, d, £ «. d, £ 8, d. 

r thousand . 10 10 3 . 11 8 9 . 8 12 6 

^■■^^^^■MM^H^^i^B ^HBBM^M^H^H^M^^* ff^MiHB^W^M«HaMi^i^ 

slates . . 22x11 . 22x12 . 20x10 
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Particulars of a Quarry in the Festiniog Diatric 

OCTOBER 1867. 







Price 




Sizes 


Number made 


I)er thousand 
of 1,200 


Amount ^ 


Inches. 




8. d. 


£ «. 


26x15 


5,200 


30 


4 16 


24 X 14 






5,760 


27 6 


7 18 


24 X 12 






5,300 


25 


6 12 


22 X 12 






1,160 


23 9 


1 7 


22x11 






2,100 


21 8 


2 S 


20 X 10 






4,500 


20 


4 lO , 


18 X 10 






460 


17 6 


r 10 


18x9 






360 


15 


B 3 


16 X 10 






100 


15 


13 


16x8 






100 


8 4 


10 


14x12 






100 


15 


1 6 


2nd ( 


7la88. 








24 X 14 


• • 


100 


21 8 


2 2 


24 X 12 


1 • • 


100 


20 


2 


20x10 


• • 


100 


17 6 


1 9 


Fancy slates 


760 




1 7 








26,200 


29 12 6 



Amount 

Poundage at 78, Qd, 

Four labourers, 23 days each at 3«. 9d, 



£ 


8, 


d. 


29 


12 


6 


11 


2 





17 


5 






£57 19 6 



Weight of slates, 69 tons ; estimated value, 207/. 28. 6rf. 
Weight- of slates per thousand, 2 tons 13 cwt., equal to 22 x U. 
Price per thousand, 8/. : equal to 22 x 12, best, prices of 1867. 

Value per ton 3 

Cost per ton in quarry 16 9 



Gross profit in quarry 



£2 3 3 



CHAPTER XX. 

SUMMARY OF WORKING RESULTS— NET 
PROFITS AND PRICE LISTS. 

B have now before us the particulars of the working 
^ nine different bargains, contained in four quarries, 
tuated a good distance from each other. One of 
tie bargains is an underground one. The poundage 
^es from 78. 6c?. to 408., and without multiplying 
imilar examples, as I might do, I think we may con- 
ider that these will afford us an accurate idea of the 
esults of ordinary bargains in ordinary quarries. For 
he sake of comparison, however, I append to this 
liapter two additional tables ; the first of which shows 
he average monthly production of five months' work- 
Dg of the bargain in the slate quarry in the Llangollen 
listrict. The second shows the details of the produc- 
ion for one month just past of two open bargains, 
worked in the Old and New Veins respectively, in a 
irge quarry in the Festiniog district, at 508. poundage. 
^i us now summarise and average the results shown 
r the working of these nine different bargains. I will 
bulate them as follows : — 
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Average production per bargain 
Average weight per thousand of 1,200 
Equal to slates 22 x 11 best. 



TonRCwtB.Qrs. 


67 


10 





2 


12 





£ 


«. 


d. 


3 


7 


7 


1 


11 


2 


6 


8 



' 



Average value per ton 

Average cost per ton in the quarry- 
Average gross profit in quarry 

It should be observed with respect to the average 
production of the foregoing bargains that they were in 
full work, but that in estimating the produce of a j 
quarry containing a number of bargains allowance must 
be made for loss of time, stoppages, and bargains tem- 
porarily unproductive. Thirty-five tons per bargain 
would be a safer figure in estimating the produce of an 
ordinary quarry. In preparing such estimates for 
young quarries I seldom place the production higher 
than thirty tons, but this is below the average. 

I will now proceed to enumerate the expenses of 
management, traflBc, and royalty, which must all he 
provided for before we arrive at the amount per ton 
actually available as net profit. 

We will take as the basis of our calculation & 
quarry yielding 6,000 tons a year, or the production (A 
about fourteen ordinary bargains. 

Gross amount of profit on slates as delivered s, d, £ s, d. 

by the bargainers to the owners, being 

the average of the results of the nine 

bargains enumerated . . per ton 2 6 8 

Secretary or general manager . . ,10 
Manager and two clerks . . . .07 
tloyalty, ^ on 3/. 7«. 7d, as above . .46 
Average carriage to railway or port . .39 



g. 


d. 





4 


1 


8 





9 





9 


1 


3 





6 
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£ 8. d, 

[joading slates at quarry 

Discount 2J per cent, off 20,000Z., sales 

Four machine men, counters, and checkers 

Rent of wharf and office expenses 

Six labourers and road men at quarry . 

Oarpenter and smith .... 

[ron, nails, grease, oil, with other stores for 

repairs and renewals , . . . 10 

Removal of top rock or unroofing, and open- 
ing loose ends, chargeable to revenue . 3 8 

Fnnd for repajrment of capital over term of 

lease 2 

Rates, taxes, and sundry charges . .16 

1 3 1 

Loading vessels, and shipping clerk, with 
other wharfage expenses not provided 
for above, met by the usual shipping 
charge of 1«. per ton 

[iCaving net profit per ton of . . . 18 7 

With reference to these figures I would observe : 
That if the slates were all valued at present prices, 
I net profit shown would be higher. It will be 
lembered that one of the bargains was worked in 
)7, one in 1874, one in 1876, and six in the present 
r. 2. In the example of the underground bargain 
5n, the cost of unroofing and forming loose end, as 
I as of pumping, is included in the total cost of that 
2^in, and that in the last example two extra 
>urers are charged. 3. On the other hand, if a 
tin-engine has to be employed, an additional sum of 
at 1«. 9d. must be charged for it. 4. The staff I 
e allowed for is equal to a greater production, 
f the output be much less, some expenses, as the 

l2 



f 
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regular rent of a wharf, will cease, others will be 
lessened, but the general result will be an increased 
amount chargeable on each ton of produce. 6. If it be 
necessary to employ travellers to sell slates, which 
except in young quarries whose business has to be 
made it is not, an additional sum must be charged. 

It is, I think, now quite clear that if the quarry is, 
as we are supposing, an ordinary one, there will on 
the output of 6,000 tons be a net sum available for 
profit of over 6,000Z., or rather more than IL per ton. 
Assuming that a quarry equal to a production of 
10,000 tons per year has cost, including purchase 
from original adventurers and other charges, 2O,000t 
altogether in developing up to this point, as per esti- 
mates in Chapter XVII., it will be seen that a sum of 
quite 10,000i. would be available as profit. 

The prices at which slates are to be sold are fixed 
annually by the great quarry owners, and followed 
pretty closely by all the rest. I subjoin two price - 
fists, issued by a well-known quarry company, one for 
the present year and one for the purpose of comparison, 
issued for the year 1867, ten years ago. It is hardly 
necessary to give those for the intermediate years, 
otherwise they would show the steady advance in the 
prices of slates from that year until now. 
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Prices and Particulars of Best Blue Slates, 
Skipped at Portmadoc, Carnarvonshire. 





First Quality 


Second Quality 


Will 

cover per 

thousand 

About 


Dimen- 
sions 


Ck)mpntAd 
to weigh 
per 1,200 


Price 

per thonsand 

of 1,200 


Computed 
to weigh 
per 1,200 


Price 

per thousand 

of 1,200 


In. In. 
26x15 


Ton8Gwt8.QrB. 
4 


£ t. 
12 16 


d. 



Tons Cwts. Qrs. 


£ t. 


d. 


Sq. Yards 
143 


24x14 


3 10 


11 6 





4 


8 16 





127 


24x12 


3 


9 10 





3 10 


7 16 





108 


22x12 


2 16 


8 





3 6 


6 8 





98 


22x11 


2 10 


7 10 





3 


6 12 


6 


87 


20x10 


2 


6 12 





2 10 


6 





72 


18x10 


1 16 


5 6 





2 6 


3 15 





63 


18x9 


1 10 


4 6 





2 


3 10 





60 


16x10 


1 10 


4 







— 




56 


16x8 


16 


3 





1 10 


2 6 





44 


14x8 


12 


2 2 


6 


16 


1 15 





37 


14x7 


10 


1 16 





12 2 


1 7 


6 


30 


13x7 


16 


1 10 











27 


12x6 


12 2 


17 


6 










14x12 


1 12 2 


3 6 







m^ 




53 


14x10 


17 2 


2 10 





... 






46 


13x10 


16 


2 6 













10x8 


16 


1 














22 X 11 and upwards, 6 per cent, off List Prices. 

Sept, 1867. 

TON SLATES. 

Price per ton. 

£ 8. d. £ It. d. 
Queens, from 28 to 36 ins. long, and 

various widths, from . , 3 to 4 

Bags, irregular lengths . . . 1 16 2 q 

Moss 10 



SLABS. 

Sawn slabs, various dimensions • 2 16 

Ditto, to order 3 10 

Bidges 

Shipping charges — Slates and slabs, U. per ton. 






3 16 








4 10 







4 10 
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All slates are shipped at the risk of the purchaser, and no other 
allowance made for breakage than sixty slates per thousand on, 
slates sold by tally, and 1 cwt. per ton on slates sold by weight ' 
and, as the full tally is invariably put on board, purchasers are re^ 
quested to claim the same from the shipmaster. 

All orders are entered, subject to the Company's current rate ^ 
the time of shipment. 

Insurance of the cargo will be effected if required, and charge 
in the invoice. 

Terms of payment. — Approved bill at four months from date 
invoice, or three per cent, discount for cash. 



Prices and Particulars of Best Blue Slates 
Shipped at Portmadoc^ Carnarvonshire. 



Dimen- 


First Quality 


Second Quatjtt 


Wiii 














cove»- -per 


siotis 


Computed 
to weigh 
per 1,200 


Price 

per thousand 

of 1,200 


Computed 
to M-eigh 
per 1.200 


Price 

per thousand 

of 1,200 


thoixsaQd 

Alaoat 


In. In. 
26x16 


Tons Cwts.Qrs. 
4 


£ ». 
16 16 


d. 



Tons Cwts. Qrs. 


& i. 


d. 


Sq. "yaitifi, 
143 


24x14 


3 10 


16 6 





4 


11 17 


6 


127 


24x12 


3 


13 





3 10 


10 6 





108 


22x12 


2 16 


11 16 





3 6 


8 12 


6 


98 


22x11 


2 10 


10 16 





3 


8 2 


6 


87 ^ 


20x10 


2 


9 





2 10 


7 10 





72 


l«xlO 


1 16 


7 7 


6 


2 6 


6 





€3 


18x9 


1 10 


6 6 





2 Cf 


6 





60 1 


16x10 


1 10 


6 6 







— 




56 1 


16x8 


1 6 


5 





1 10 


3 15 





a 1 


14x8 


1 2 


3 12 


6 


16 


2 16 





37 1 


14x7 


10 
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1 6 


4 2 
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10x8 


16 


1 10 





— 






24 






10x6 


10 


1 2 


6 















Dec. 1876 for 1877. 
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TON SLATES. 

Price per ton. 

£ 8, d. 

Queens, 28, 30, 32, and 36 inches long, rarious 

breadths, assorted 4 4 

Ditto, any 3 sizes 4 7 

Ditto, any 2 sizes 4 10 

Ditto, any 1 size 6 

Shipping charges. — Slates and slabs, 1*. per ton. 

Cha/tget on slates sent by rail, — Is, 3d, per ton. 

All orders are entered, subject to the Company's prices and 
erms at the time of shipment. 

All slates are shipped at the risk of the purchaser, and no other 
allowance mad^ for breakage than sixty slates per thousand on 
lates sold by tally, and 1 cwt. per ton on slates sold by weight. 

Insurance of the cargo will be effected if requested, and charged 
n the invoice. 

No credit can be given on any less quantities than 60 tons 
•t a time, except to customers who are in the habit of keeping 
arger accounts on the books. 

Terms of Payment, — Approved bill on London, at four months 
rom date of invoice, or three per cent, discount for cash on 
-ceipt of invoice, or I5s, per cent, per month. 
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irticulars of Slates made from Two Bargains in 
one of the Festiniog Quarries^ June 1877. 





Rate per 


M. 


Bargain No. 7 Bargain No. 2 


s 


of 1,200 


New Vein 


Old Vein 


es 


£ s. 


d. 






16 


1 12 


6 






14 


1 10 





2,500 


2,600 


12 


1 7 


6 


4,000 


8,250 


12 


1 8 





1,500 


1,250 


11 


1 2 


6 


2,000 


1,800 


10 


1 





9,100 


8,600 


10 


17 


6 


2,650 


2,200 


9 


12 


6 


1,200 


2,700 


10 


15 





1,900 


2,350 


8 


10 





2,200 


4,450 


8 


7 


6 


800 


1,400 


7 


6 





700 


1,400 


7 


6 





100 




1 

6 


4 





150 


500 


12 


12 









10 


11 





750 


1,150 


10 


10 





150 


460 


8 
6 


6 





500 


1,900 


►ND 


30,200 


41,010 


JTY 


1 









12 


350 


160 


12 


18 







50 


11 


17 





200 


60 


10 


15 





650 


450 


10 


12 





150 


200 


9 


10 





150 


200 


8 


7 


6 


250 


600 


8 


6 





50 


200 


7 


6 





50 


50 




1,850 


1,850 








30,200 


41,010 




32,050 


42,860 



Besolts and remarks 



Total produce of New Vein, 
32,050 slates 

Total produce of Old Vein, 
42,860 slates 

Computed weight of slates 
from New Vein, 66 tons 

Computed weight of slates 
from Old Vein, 87^ tons 

Average weight per thou- 
sand in each case, slightly 
over two tons 

The proportion of seconds 
to best in the Old Vein 
is less than one-twentieth 

That of the New Vein less 
than one-fifteenth 

Or the proportion of 
seconds slates to best 
is one-fourth higher in 
the New Vein than that 
of the Old Vein 

The low average weight of 
the slates in both these 
instances is due to the 
excellence of the cleav- 
age in these two * veins ' 



CHAPTER XXI. 

ON SOME OF THE CAUSES OF FAILURE IN 
SLATE QUARRY ENTERPRISE. 

It would be vain to attempt to conceal the fact that 
failures, and some of them lamentable ones, have 
occurred in the progress of slate quarry enterprise. 
One of the evidences of this is the number of abandoned 
holes and heaps that dot the hill-sides of Wales. It^z^^t 
may help to reduce the number of such failures in th( 
future, if I briefly enumerate some of the causes b] 
which such failures have been produced in the past. 

These may be broadly divided into four groups : firsi 
want of knowledge ; secondly, want of means ; thirdb 




want of energy and judicious management; fourthl y, 
real and insuperable defects in the rock. The whole €czf/ 
these causes dovetail into each other, and in sonae 
instances of failure, it would be diflBcult to assign to 
each of them its proper share of the blame. 

First, want of knowledge, — It should be observed at / ^^ 
the beginning, that slate quarrying is a comparatively / 
new enterprise, and that with the exception of one or | ^^ 
two quarries, anything approaching to the systematic 



< 



h 



working of a quarry belongs to a very recent date. The I r 
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trade has had to be learned, and it is only reasonable to 
expect that it would be subject to the proportion of the 
mistakes arising from immature knowledge, that mark 
the early history of all great industries. The present 
race of quarry managers will not deem it a personal 
allusion, when I say, that in time past there has not 
only been an indiflFerence to the acquisition of the 
simplest elementary scientific knowledge on the part of 
former managers, and indeed, proprietors also, but a 
large amount of hostility to the intrusion of science into 
their special so-called practical domain. There has 
been a good deal of open sneering at ' scientists,' ' theo- 
rists,' and * all the members of the Geological Society 
put together.' It is beginning to be understood, how- 
ever, that it requires one set of gifts to catch the hare, 
and another set of gifts to cook it well, and the luckiest 
man is he who possesses the two kinds of qualifications. 
It is felt increasingly that a manager may work hia 
quarry all the more successfully if he possesses a know- 
ledge of the stratigraphical position and conditions of 
the rock in which it is placed. Among the results of 
the want of this knowledge may be instanced, the 
opening of quarries where they ought never to have been 
started, and the prosecution of them under unfavour- 
able conditions, beyond the first simple trials necessary 
to prove the character of the rock. Examples of these 
failures may be seen in broken and contorted strata, 
near Snowdon, in the cross cleaved strata near Tremadoc, 
GlasUyn, and Llanfrothren, and in the highly pyritised 
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Lingula flags, south of the Barmouth estuary. In all 
these districts, abandoDed quarries mark past failures, 
the loss in which, with greater knowledge possessed by 
the originators, would have been limited to the compara- 
tively small amount needed to prove the strata. 

Failures from want of rrieana. — As in all other 
entejyrises so in this failures arise from the want of 
suflBcient capital for the completion of the works. An 
adventurer, or two or three begin a quarry at a prosper- 
ous time, in the hope of developing out of their savings ; 
reverses come, they are unable either to hold or sell, 
and the undertaking passes away from them. Or the 
money that should suffice for the development of the 
quarry, has been spent in outside works that might at 
least have been postponed. Sometimes this happens on_ 



a large scale, by the lavish expenditure of money obl_ 
engineering and external appliances, before the qiiarr^^ 
is opened fairly out. Take an example : I have before 
me an instance of a large and intrinsically good quarry 
that at this moment is lying idle from this cause. It 
is a story of 120,000^. spent on houses, machinery, 
splendid buildings, massive masonry, and a costly rail- 
way, followed by an exhaustion of funds, the death of 
some of the proprietors, the unwillingness or inability 
on the part of the remainder to find the money still re- 
quired, partial abandonment; subsequent letting to men 
of smaller means, who pick out the eyes of the quarry ; 
further deaths, private losses, dilapidations, bad to worse, 
quarry acquires a bad name, and becomes a gigantic 
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min. Thus want of means results sometimes from want 
of management. It should be laid down as a rule, that 
a quarry should not be prosecuted beyond the prelimi- 
nary stage, unless suflBcient means are secured for its 
development, and the completion of the works necessary 
to it. 

Want of management, — A large number of failures 
seem to have arisen from this cause in time past. 
Grenerally there has been no definite plan of operations. 
A hole has been excavated, or a tunnel driven in slate 
rock at the point at which it has been discovered, with- 
out the least idea on the part of the adventurers whether 
it was at the top, or bottom, or middle, or under or upper 
side of the bed, and the debris has been pitched indis- 
criminately on the outside, often on the very best of the 
rock, which by subsequent workers can only be reached 
by removing at great cost the rubbish of their unfortu- 
nate predecessors. Some of the principal quarries in 
Wales are now suffering from this want of former 
management. Take an example: a large quarry covered 
with former debris which has to be removed; good slate 
rock ; owners having paid a large price for the quarry, 
anxious to secure good profits ; waste overhangs quarry, 
falls now and then, entailing a great cost for its removal; 
stoppage of good bargains, failure of others ; money 
wanted, if it could not be forthcoming quarry would 
have to be abandoned. There has often been the same 
want of management in the working of a quarry : stuff 
removed twice over, too much day work, desultory ex- 
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periment, doing and undoing ; not suflBcient care taken 
to see that the rock was properly quarried, wisely cut, 
or good blocks that would make slates 16x10 and 
under thrown upon the rubbish heap ; want of close 
attention on the part of both owners, or directors and 
manager, the want of energy, and the defects of 
character, which ruin men in other lines of life. All 
these, in many forms of combination, have contributed 
to the failures of slate quarry enterprise. 

It is only fair at this point to observe that most of 
the successful quarries in North Wales have passed 
through times of depression, and even of abandonment 
for years, through failures arising from the two last 
causes. It has taken great efforts and the expenditure 
of large sums of money to develop both the Penrhyn and 
Dinorwig Quarries into regular galleries successfully 
worked, out of the inchoate mass of rubbish, heaps, and 
holes, left by former workers. The Cilgwyn Quarry lay 
in an abandoned state for centuries before, and years at^ 
times in the present century. Hafodywern was over- 
grown with grass in 1 825. Bowydd Quarry, now success- 
fully worked by Mr. Percival, was abandoned by Mr. 
Greaves, in 1846, as worthless; and a similar story of 
stagnation, disrepute, and loss, could be told of many 
others now in successful work. The failures have not 
been from inherent defects in the rock, but from want 
of knowledge, energy, tact, management, and the like, 
on the part of men. 

Failures from uneaypected alterations in the charac- 
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ter of the rock. — There are instances of failure from 
this cause. The rock becomes changed in character, 
gritty, coarse, or hard, or clusters of spar veins are seen 
to spring, and cut the bed into fragments, and if the 
space allotted to the quarry be limited, if the quarry 
be opened across the bed, instead of along, as is some- 
times partly unavoidable, the result is loss, which if the 
funds be good may be tided over, but sometimes stop- 
page and abandonment. Still failures from causes that 
could not be foreseen are not of frequent occurrence, 
and some of these could probably be avoided if the 
quarry had not been opened in some cramped corner 
where it was impossible to give such variations in the 
character of the rock a wide berth. In all large 
quarries there are such variations. I daresay it would 
be possible, both at Penrhyn and Dinorwig, to pick half- 
a-dozen places at least in the quarries, where if a small 
quarry only had been opened, it could not be profitably 
worked for dykes, posts, crychs, spar veins, and hardened 
rock. In a quarry of suflBcient breadth, such defects 
only form part of the mass of rock, their removal simply 
lessens the profit from the working of the remainder 
for a time, and after a time they disappear. 

The chances of failure from the foregoing causes 
and from their combinations may be lessened. 1. By 
avoiding, in North Wales at least, opening quarries in 
the Lingula flags. 2. By avoiding the heart of the 
cross cleaved district. 3. By choosing the site of a 
quarry on a line of unfaulted strata, or at any rate by 
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avoiding localities known to be much broken and dis- 
turbed by faults. 4. By having as far as possible the 
galleries and chambers formed along rather than across 
the strike of the slate beds. 5. By carefully conduct- 
ing the preliminary trials or seeing that they have so 
been conducted. 6. By avoiding day work, and by 
having a strict system of weighing and measuring. 7. 
By having a careful survey and section of the ground, 
as well as a definite plan of working, prepared before 
the works are commenced. 8. By one or other of the 
owners or directors residing near the quarry and being 
much on the works, after the fashion of the most suc- 
cessful quarry owners of Wales. If these cautions and 
precautions are carefully observed, most of the risks o£" 
failure will be avoided, and the remainder will be con- 
fined to the expense incurred in the preliminary trials. 
As a matter of fact, many quames in North Wales have 
cost more money than that provided for in my esti- 
mates given in Chapters XIV. and XV., but the excess 
over those amounts may generally be assigned to one or 
more of the causes which I have just described. 



CHAPTER XXII. 
JtlSE AND PROGRESS OF THE SLATE TRADE, 

•'^^teB earliest indications we have of the use of slates 
^^*^:r covering buildings belong to the twelfth century of 
^•Vxe present era. To that and slightly subsequent dates 
^^^^long the old castles of North Wales which, as at 
^^marvon and Conway, were built in the vicinity of 
^X^te rocks and covered with slates. So was also the old 
^^^^stle at Angers in France, built as it was in the vicinity 
the slate beds now so largely quarried underground. 
When Edward I. visited the copper-mines of 
^rwysycoed in North Wales, he stayed at a house in 
^^antlle roofed with slates from the Cilgwyn Quarry. 

It is likely that th^ slates in all these cases w^re 
^ough and heavy, being obtained with little trouble 
'^here the slate rock cropped out to the surface and 
"Was readily divisible into rough blocks. On the moun- 
"t^in slopes of North Wales on several of the slate 
^a,nges, as described in this book, there are traces of 
tliese old workers, and the tracks along which they 
^^rried on their own backs, or the backs of their horses, 
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the rough slates they had made, are still discernible, 
and form part of many a mountain path. The shepherd 
tending his sheep in these lonely wilds would generally 
be the first discoverer of the slate beds, and thus, as in 
other lines of life, the quiet contemplative mian went 
before and prepared the way for the busy worker. In 
an ode written by a Welsh poet in the year 1570, we 
find the first distinct mention of the Penrhyn Quarries. 
The bard Sion Tudor asks the Dean of Bangor for a 
load of slates from the Caehir Quarry. The Aberlle- 
feni Quarry is quite as ancient, for an old tinoibered 
house is said to have been covered with slates from 
the quarry in the days of Elizabeth. About the same 
time the slates from the De la Bole Quarries, in Corn- 
wall, had attained considerable repute both at home 
and abroad. Carew, writing in 1602, describes them 
as * in substance thinne, in colour faire, in waight light, 
in lasting strong, and generally carrieth so good regard ^ 
as (besides the supply for home provision) great store 
is yearly conveyed by shipping both to other parts of 
this realm and also beyond the sea into Britaine and 
Netherland.' Speaking of the same quarry in 1758, 
Borlase writes : ' That for its lightness and enduring of 
weather it is generally preferred to any slates in Great 
Britain.' He describes the great quarry as in his time 
300 yards long and 100 yards wide, and 80 yards deep; 
observing ' That all the slate is carried, with no small 
danger, on men's backs, which are guarded from the 
weight by a leather cushion.' It is evident, from the 
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size of the quarry, that a considerable quantity of slates 
had at that date been extracted from it. 

The quarries at Llangynog and in Griynceiriog be- 
long to quite as early a date, for Leland tells us that 
Oswestry, when he was there in Henry the Eighth's 
time, says that the houses of the town were principally 
formed of timber and slatedj and it would be from those 
districts nearest to the town that the slates would be 
derived. 

In the years 1800-10 the quarries of Llangynog 
disposed of about a million slates, or 2,000 tons an- 
nually, or equal to the present production in weight. 
Up to the year 1803 the slates sold for 13«. per 1,000 ; 
from 1803 to 1810 they sold for 16«. 

In the year 1765 we find the site now covered by 
the Penrhyn quarries let in small takes to eighty men, 
who each paid a rental of 12. a year. In 1780 the pro- 
•duce of these quarries was 1,000 tons a year. 

In 1793, Eichard Pennant, having previously mar- 
ried the daughter of Q-eneral Warburton, the former 
owner, became possessed of the quarries, the men's 
leases having expired. In that year he had 150 men at 
work, opening out the quarry for extended operations. 
In 1808, in spite of the heavy war-tax of twenty per 
cent, which the Government had imposed on slates ex- 
ported from this country, he had 600 men at work. 
For a time this tax had a prejudicial eflFect upon the 
trade of the quarries, for the exportation fell from 
15,000 tons in 1794, to 8,000 tons in 1796. In 1800, 

m2 
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the tax having in the meantime been abolished, the 
exports had risen to 20,000 tons. 

Bingley, who had just before visited the quarries, 
describes them as * immense openings, with sides and 
bottoms, as rude as imagination can paint'; but at 
that date he describes Port Penrhyn as ' principally 
used by vessels coming for the slates obtained from 
Lord Penrhyn's quarries, about five or six miles distant. 
About 600 tons are shipped per week. These, for many 
years, were conveyed to the port, at an enormous ex- 
pense, by means of carts and horses, from 100 to 120 
teams ; but now there is an iron railroad, which ex- 
tends all the way from the quarries.' In the eighty 
years that have elapsed since Eichard Pennant had 
150 men employed, the number has increased to 3,000. 
Besides the production of ordinary slates, Bichard Pen- 
nant established a manufactory in connection with his 
quarries for the planing and making of writing-slates. 
In August 1799, 3,500 dozen lay ready for shipment to 
London, and without frames, to various parts of the 
Continent of Europe. 

The old Cilgwyn Quarry in NantUe was revived 
about the middle of the last century, and passing 
through many hands and periods of depression, is now 
largely and successfully worked. In 1798 the quarries 
of Cilgwyn were described by Warner in his ' Walks in 
Wales ' as ' consisting of perpendicular excavations of 
diflFerent dimensions and depths, some sinking below 
the earth upwards of 1 50 feet.' The Dinorwi^ Quarries 
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at Llanberis began in a humble way in the year 1787. 
Liike those of Penrhyn they were originally worked as 
small quarries by a number of adventurers, but since 
the assumption of the lease by the late owner, Mr. 
Assheton Smith, they have been gradually emerging 
out of chaos into a great quarry with regularly suc- 
ceeding galleries. In 1800 the combined produce of 
the NantUe and Llanberis Quarries was estimated by 
the Rev. Walter Davies, in his ' Report on Agriculture 
in North Wales,' at 40,000 tons. At the same date, 
248 vessels were employed at the Port of Carnarvon in 
the slate trade. 

Following on the track of the ' old people ' who dug 
rough slates out of the hill-sides, two quarrymen went 
from Glgwyn Quarry in the year 1765 to Festiniog 
Parish, and there started the first quarry in the dis- 
trict — the Diphwys Casson Quarry. The quarry was 
worked by them, with the addition of some fellow- 
workers, until the year 1 800, when Messrs. Turner and 
Casson, two energetic young men from Lancashire or 
Yorkshire, purchased it. It is from the latter gentle- 
man, not long since deceased, that the quarry takes its 
present name. The quarry was sold in 1 862 for 3 20,0002. 
The quarry known as Percival's was started in 1801 
by the then Lord Newborough. The Rhiwbryfdir 
Quarries were commenced by Richard Thomas, a work- 
man of Penmachno, in 1816. From this small be- 
ginning, chiefly by the energy and perseverance of Mr. 
Samuel Holland, the present member for Merioneth, 

A 
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have grown the great quarries known as the Wekh 
Slate Company (in which the late Lord Palm^rston was 
interested), Hollands, and Mathews. Many quarries 
now in work date from the beginning of the present 
century, the workings being fitful and often suspended. 
The old Bwlchygroes Quarry, near Llanberis, had a 
great demand for slates for shipment eighty years ago, 
the vessels loading below Llanwnda. This quarry, like 
many others, having been idle for years, is undergoing 
a resuscitation. 

The writer of the letters to the ' Carnarvon Herald ' 
gives an interesting picture of the methods of quarrying 
and transit at Nantlle, at the commencement of the pre- 
sent century : ' The stones were smashed up with a ham- 
mer without any rule ; any piece of rock which happened 
to be anj^thing like a slate was made use o^ but at least 
half of the good rock was thus destroyed • . . The men 
at that time took contracts from the landowners, paying 
two guineas royalty per annum for the privilege o; 
quarrying the slates. Each man dug a hole where h 
thought proper, and many of the quarries to this da; 
are suffering from the heedless way in which the hoi 
were excavated and the rubble disposed of, usuall— ^ 
thrown out close to the hole upon the good vein. . . 
The slates were transportable from the pits upon irc^Ti 
hooks, laid across horses' backs, to a place called Yory^cZ^ 
upon the seashore below NantUe, where the old rubbislj* 
heaps are still to be seen. . . . The rubbish from tbe 
pits was conveyed away in ^\\^elbarrows and in ba^ 
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upon the backs of the men.' The writer received the 
information from an old inhabitant of the district. In 
connection with the development of slate quarry en- 
terprise in NantUe, the names of Mr. Garmons and 
Mr. Curling deserve especial mention. 

From the early Festiniog quarries the slates were 
carried on horseback to Conglywal, then carted to a 
place on the river below Maentwrog, where they were 
put on barges and carried down to the sea, and there 
transferred to larger vessels. Gradually, roads were 
made and bridges built. About 1833 a tramway was 
laid down to Portmadoc. Horses were employed until 
about fifteen years ago, when, through the exertions of 
Mr. C. E. Spooner and other gentlemen interested in 
the district, steam was introduced, and the line opened 
for passenger traflBc. An interesting account of the 
whole story of this remarkable little railway may be 
read in the * Gossiping Guide to Wales.' 

The methods by which the slates were brought 
down the hill-sides from the quarries were at that date 
of the most primitive description. Bingley says, that 
at what is now the great Dinorwig Quarry at Llanberis, 
'the men, in conveying the slates down to the lake, 
are under the necessity, as well as one horse before the 
cart, to have one yoked behind.' He adds, * It appears 
to me, however, that sledges similar to those adopted 
in many parts of Westmoreland and Cumberland 
(where slate quarries were then in work) for the same 
purpose, would not only be less ex:ipeii%\\e, \5>\\, ^q>S^^ 
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also be found more safe and commodious.' What would 
the present manager of the quarry say to this ? The 
same writer describes another kind of sledge, as it was 
then used at the Llangynog quarries. 

' The slates are loaded on small sledges, which are 
to be conveyed down the mountain along winding paths 
formed for the purpose. Each of these sledges has a 
rope, by which it is fastened to the shoulders of the man 
who has the care of conveying it. He lays firmly hold 
of it with his hands, and thus, with his face towards 
the hill, begins to descend. The velocity which the 
sledge acquires in its descent is counteracted by the 
man's striking forcibly against the protuberances with 
his feet. This manoeuvre, since he goes backward, and 
has at the same time some attention to pay to the 
sledge in order to keep it in the track, must be diflBcult 
to attain.' I have seen the process in operation 
at the same quarry within the last twenty years. 
Mr. Bingley forgot to state that the poor man had to«^ 
carry his sledge back up the hill for each time he wentzz 
down ; and it was surprising how many times a day th^ 
feat was performed. Well-appointed inclines now tak^ 
the place of these old methods, the one at Llanberi - 
being made soon after Bingley's visit. In 1825 ^ 
tramway took the place of the road over the hills tx 
Llanberis ; now there is an ordinary gauge railway. 
A reference to the dates given on the lists of quarries 
in the leading slate ranges will show decades in whicl 
most progress was made. That progress has been the 
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greatest, and the number of improvements have been 
most numerous, within the last twenty-five years. 
Coincident with the development of the quarries has 
been the growth of villages and towns ; the cluster of 
villages around the great quarries of Penrhyn, Festiniog, 
and Llanberis being remarkable for their size, and the 
quality of the hotels and public buildings. The villages 
generally take their name from the chapels they have 
grown around — as Bethesda, Bethania, Ebenezer, and 
similar names — which the Welsh like to give to their 
places of worship. 

Of the growth of a seaport in connection with a 

trade, the town of Portmadoc is a notable example. It 

has been built within the present century. Its slate 

quays vdth their railways and appliances for loading 

slates are well arranged, and are well worth a visit. It 

would be diflScult to say where the slates sent from this 

port are not taken to. They find their way to all parts 

of the world, the chief trade being perhaps with France, 

Belgium, Holland, the ports on the Baltic generally. 

Large quantities being also sent to America, Australia, 

and Russia. The same may be said of the other chief 

ports, Carnarvon, Dinorwig, and Bangor (Penrhyn), but 

a larger proportion of the slates from these ports are 

taken to the North of England, Ireland, and Scotland, 

where they prefer strong slates. America also has a 

share. 

The total production of slates and slabs in North 
Wales for last year may be estimated at six hundred 
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thousand tons. Probably the total production of slates 
in the British I»les will not exceed seven hundred and 
fifty thousand tons. At the present time the profit 
derived from the whole production may be taken as a 
million sterling. Taking one-fifteenth as the average 
proportion of finished produce to the quantity of rock 
removed, the amount of rock required to yield the above 
number of tons of slates and slabs each year, is equal to 
a mass a thousand yards long, five hundred yards wide, 
and eleven yards deep. The first of the following tables 
will illustrate the growth of the slate trade from the 
year 1825, and the second will show the advances made 
in the prices of slates from the year 1799 to the present 
time. It also gives the prices of slates in London last 
year. 

Shipments of Portmadoc. 



Years 


Tons 


Tears 


1 
Tons 


Years 


Tons 


1826 


11,396 


1842 


22,190 


1859 


58,466 


1826 


13,136 


1843 


24,716 


1860 


65,742 


1827 


10,290 


1844 


36,344 


1861 


59,696 


1828 


9,940 


1845 


43,858 


1862 


66,860 


1829 


10,464 


1846 


43,472 


1863 


76,594 


1830 


11,232 


1847 


39,601 


1864 


81,221 


1831 


12,211 


1848 


36,503 


1865 


89,293 


1832 


14,561 


1849 


32,467 


1866 


96,876 1 


1833 


13,975 


1850 


44,874 


1867 


113,838 


1834 


16,330 


1861 


46,338 


1868 


116,487 / 


1835 


18,113 


1862 


46,224 


1869 


125,674 / 


1836 


20,749 


1853 


48,858 


1870 


108,882 / 


1837 


23,966 


1854 


51,109 


1871 


121,838 / 


1838 


26,107 


1866 


48,279 


1872 


132,980 / 


1839 


27,935 


1856 


52,463 


1873 


144,880 / 


1840 


32,922 


1867 


62,697 


1874 


142,080 / 


1841 


29,067 


1858 


56,314 




/ 
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Shipments of Carnarvon. 



Yean 


Tons 


! Yean 


Tons 


Yeftn 


Tons 


1844 


85,044 


, 1854 


91,000 


1864 


122,339 


1845 


92,000 


1856 


84,000 


1866 


122,934 


1846 


94,000 


1856 


88,000 


1866 


127,190 


1847 


93,000 


1857 


94,000 


1867 


126,443 


1848 


79,000 


1858 


96,000 


1868 


134,375 


1849 


85,000 


' 1859 


103,000 


' 1869 


139,659 


1850 


102,000 


i 1860 


102,000 


1870 


135,029 


1851 


99,000 


1861 


115,000 


; 1871 


117,068 


1852 


92,000 


1862 


116,000 


1872 


116,454 


1853 


88,000 


1 1863 


115,822 







The ProdvjCe of the Dinorwig Slate Quarries. 



For the 20 years ending 1870 . 
Produce for the 5 years ending 1866 
For the 6 years ending 1871 



Tons. 
1,900,550 
610,126 
617,771 



The Penrhyn Quarries. 

Tons 

1869 Roofing slates 93,000 

Slabs, &c 26,000 

1870 Roofing slates 91,700 

1871 Roofing slates 84,800 

1872 Roofing slates 85,600 
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CHAPTER XXIII. 

ON THE CA USES OF THE RECENT RAPID GROWTH 

OF SLATE ENTERPRISE. 

The progress made by the slate trade during the last 
quarter of a century has been very marked and rapid, 
and with the exception of slight checks given to it 
during the war in America, the war between Prussia 
and Denmark, and the war between Germany and 
France, the progress has been continuous. A reference 
to the price lists given in Chapter XX. will show that 
during the last ten years the price of slates has in- 
creased thirty per cent. The present state of the trade 
may be described as one of great prosperity, limited 
only by the ability to supply the demand. The demand 
is very far in excess of the supply. As a consequence 
large and regular customers of the quarries have to place 
their orders a long time beforehand. Smaller and 
casual customers cannot be supplied at all. Ships have 
to wait for a long time at the ports for cargoes. ' We 
have enough orders on our books to last us for six 
years,' is a common remark. ' We really cannot take 
any more orders is another.' Merchants are le^d^ t,c^ 
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contract for the whole produce of good quarries. It 
may therefore be of interest if we inquire into the 
causes of this recent rapid growth of the demand for 
slates, and consequent activity at the quarries, in order 
that we may see if there is a probability of a continu- 
ance or a decline of such causes in the future. 

Beginning at home, it will be seen that the same 
period has been marked by a rapid extension of railways 
all over the country. This has placed slates within the 
reach of numbers of midland and other towns, from 
which, except for special purposes, they were virtually 
unattainable on accoimt of the cost of carriage. A 
builder from South Shropshire, which is not far removed 
from the Principality of Wales, told me recently, that 
twenty-five years ago he had never used a slate. The 
town of Shrewsbury was at that period a tile-roofed town, 
while Chester, to which access could be had by water, 
has been for generations a slated town. Shrewsbury 
may be taken as a type of most inland towns, in which, 
except for fancy architecture, slates since the introduc- 
tion of railways have superseded tiles. Those who knew 
London thirty years ago, will know how much larger a 
proportion of its houses were covered with tiles at that 
date than now. Going there as a youth from a slate 
district, I remember being struck with the novelty of 
the appearances of the fluted red tiles, then in use. 
New erections in it and in the great towns of the king- 
dom have been covered with slates. Then there are the 
great towns and villages that have sprung up around 
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great railway junctions and centres of new enterprise 
and industry in many parts of the country, and the dis- 
appearance of the straw-thatched houses in rural districts ; 
thus new markets have been created, and old markets 
enlarged for the sale of the produce of slate quarries at 
home. 

But these markets would have remained unsupplied 
with the commodity if railways had not been carried 
into the heart of North Wales. The opening of the 
Chester and Holyhead line, and the continuation to 
Carnarvon with its branches— it is a pity that one from 
Bangor to Nant Francon is not among them — placed 
znany English towns in communication with the slate 
district of Carnarvonshire. The extension of the Cam- 
"brian system of railways by the Corris district, and 
Towyn to Portmadoc, opened many more to both the 
Corris and Festiniog districts. The construction of 
these railways must ever be associated with the name 
of Mr. Thomas Savin. To his enterprise. North Wales 
can scarcely estimate how much she is indebted. The 
construction of the fiuabon and Bala line has opened 
up the Llangollen district, and thus the quarries have 
been placed in direct communication with the users of 
their produce. The development of the slab trade must 
also be taken into account as one element of progress. 
Turning to foreign countries, the same causes have been 
at work in them, if not on so rapid a scale, yet over a 
vastly extended area during the same period. The 
gradual removal of restrictive duties and the formation 
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of reciprocity tarifs, have greatly tended to the increase 
of the exportation of slates to them. In America towns 
spring up like mushrooms, only to live longer, and the 
production of slates in that country is neither of the 
kind required, or a fraction of the extent of the demand. 
Scotland and Ireland follow in the wake of our homp 
consumption. And the diflSculty is to know where to 
stop. Few of the causes I have named can be regarded 
as ephemeral ones. With the increase of population 
and growth of our general trade, at home and in the 
colonies, and the simultaneous growth in foreign 
countries, the demand for dwellings must continue. 

What then are the chances of our having to encounter 
competition. Not very long ago one hundred and fifty 
picked men were taken from the Bethesda district to 
America, to work in slate quarries there. Already we 
hear of cargoes of slate being sent over to this countr^^ 
and sold here. By the courtesy of the sole consignee irx 
Great Britain I am able to give the following particu- 
lars of these American slates, which it will be interest- 
ing to compare with the foregoing description of Welsh 
slates, premising however that the question of quality 
is disputed by British quarry owners; and even if labour 
were abundant in the districts of the American Conti- 
nent in which slate is found, the slates of that country so 
far could not compete with the Welsh slates for light- 
ness, combined with strength. Our exports to America 
are as large as ever, and many of the men are returning 
to the old country. The same is true of continental 
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countries. Their quarries have been in work as long 
as those of Wales: nevertheless our export trade to 
those countries has grown to its present dimensions. 
The slates of Ireland, so far, are strong, rough, and 
heavy. What the western district, to which Mr. Hull 
directs attention, may do, remains to be seen. 

Particulates of American Roofing Slates now 
offered for sale in England. 





PRICE LIST. 




Will cover, in 

square yards 

with 3-inch lap, 

about 


Computed weight 
per M. of '1,'JOO, about 


Size 


127 


Tons Cwts. Qrs. 
3 5 2 


Inches 
24 X 14 


108 


2 16 


24 X 12 




2 15 


22 X 13 


98 


2 10 3 


22 X 12 


87 


2 7 


22 X 11 


96 


2 5 2 


20 K 12 




2 


20 X 11 


72 


1 17 3 


20 X 10 




1 16 3 


18 X 11 


63 


I 13 2 


18 X 10 


60 


1 10 


18 X 9 


56 


19 


16 X 10 


54 


16 


16 X 9 


44 


13 1 


16 X 8 




1 2 1 


14 X 9 


37 


19 3 


14 X 8 


32 


17 2 


14 X 7 


27 


16 


12 X 8 



Terms. — Cash in one month, less 2^ per cent, or (approved) 
three months net acceptance. 



N 
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American Green Roofing Slates. 

We have in stock, and can deliver at once free on rail tracks 
(L. & N. W. Rails) at Garston (Liverpool), as follows : — 



Net cash on receipt of invoice 


Size 


Qnantity 


Price per M. 
of 1^00 


Size 


Quantity 


Price per M. 
of 1,200 


Inches 
24x14 
24 X 12* 
22x14 
22 X 12* 
22yll 
20x14 
20x12 
20x11 


12,000 
12,000 

5,000 
16,000 

9,000 
10,000 
10,000 

7,000 


£ 8. d. 
18 10 
16 17 6 
16 16 

14 5 
12 17 6 

15 
12 17 6 
11 17 6 


Inches 
20x10 
18x12 
18x10 
18x9 
16x12 
16x10 
16x9 
16x8 


6,000 
11,000 
12,000 
14,000 

3,000 
10,000 
27,000 
18,600 


£ 8. d, 

11 

11 10 

9 10 

8 6 

9 16 
8 6 
7 10 
6 10 



The above are all good strong slates, and approved by aU who 
have had them, and we solicit the iavour of your orders, which 
shall have prompt attention. 

* We will allow 2J per cent, discount on these two parcel^ 
(12,000, 24 x 12, and 16,000 22 x 12) to close up sales. 



Bangor, Elmira, and Washington American 

Hoofing Slates. 

These are now admitted by all the trade to be superior in many 
and inferior in no respects to the best Welsh slates. 

We are permitted to refer to many persons supplied by us. 

Samples will be sent, without charge, on application. 

Delivery in any quantities (from 1,000 and upwards) of any one 
or more sizes as may be required by the buyer, in about a month 
(or earlier) from date of order. 

Free delivered on railway trucks or to barge or flat in Liverpool, 
or freight paid direct from New York (U.S.) to London, Bristol, 
Hull, or Glasgow. 

Breakage at purchasers' risk after delivery to carriers here. 

Only on parcels furnished for direct shipment from New York, 
an allowance of 60 slates over in every 1,200 is made at time of 
shipment at New York to cover ordinary breakage, and no further 
claim will be entertained. 
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It is not for us, however, to be boastful, or neglectful 
of our own resources, and it is a pity for us to turn away 
customers from our shores. We may conclude that 
there is no reason to fear from the cessation of causes 
hitherto at work, or from the eflFect of competition, any 
permanent decline in the demand for our slates for 
many years — may I not safely say for generations — ^to 
come. The best way to meet foreign competition 
seems to me to be to develop as economically and syste- 
matically as we can the slate resources of Great Britain 
and Ireland. For it is the great insufficiency of the 
home supply to meet the demand that has tempted 
foreign competitors to our shores. Can we keep up or 
increase the supply ? Can we go on digging slate rock 
to the extent mentioned in a former chapter, without 
coming to the end of our resources ? Will there pre- 
sently be the necessity for a slate commission that 
there was recently thought to be for a coal commission? 
Such a commission would doubtless be of much use, but 
it is not yet time to think of it in the view of a diminu- 
tion of our slate resources. An examination of the 
slate ranges described in this volume would show an 
enormous amount of imtouched slate rock. Meanwhile 
something is being done to render these resources 
available. The completion of the North Wales Narrow 
Gauge Eailway from Carnarvon to Beddgelert and 
Bettws-y-Coed, would open up ranges 3, 3a, and 3b. The 
Bettws-y-Coed andFestiniog Line now being made by the 
London and North Western Eailway Company, will open 

H 2 
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up the Dolwyddelen and Penmachno end of the range 3c. 
The construction of the Great Western Line from Bala 
to Festiniog, will reveal what is worth working in the 
Arenig end of the range 3d, and will afford facilities 
for exploring the slate resources of the Cambrian rocks 
about Trawsfynydd. A railway or tramway up the 
Tanat Valley would make the IJangynog district a 
second Festiniog. The same is true of the upper 
reaches of the Ceiriog Valley; and the district lying 
between Bettws-y-Goed,and Bhyl, Corwen, and Buthin, 
has yet to be tapped for its slate resources. Since the 
introduction of railways, new quarries are being quietly 
opened up in the older slate districts, and old quarries 
long closed, through some of the causes I have specified, 
are being revived, and with the means of transit, th^ 
higher price of slates, the use of machinery, the demand 
for slabs, and the greater intelligence of the present day ^ 
many of them need not again be &ilures, and it is hoped 
that many a deserted quarry may again resound witi 
the noise of busy workers. 

A noticeable feature of slate quarry enterpm 
in North Wales is the number of private owners of 
quarries. The trade has been built up and made what 
it is, for the most part, by men of high standing, of in- 
telligence and capacity for business, and of indomitable 
energy also, who have not been above superintending 
their own quarries, having first mastered the details. 
They deserve all the success they have gained, and no 
one need envy them the enjoyment of their princely 
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incomes. They and, perhaps more than themselves, 
their fathers before them, have had their difficulties, 
their times of great fear and depression; but they 
worked on, seeing the ascent from behind the horizon of 
their struggles of the first faint rays of the rising sun 
of their prosperity. 

Slate enterprise is as fair and promising a field for 
joint-stock enterprise as any other, perhaps better than 
mines in far-ofif regions, but it oflFers special inducements 
to young men of vigour and intelligence, who either 
singly or jointly are possessed of the necessary means, 
and who would be willing to mind their own business. 
To them it offers the profitable employment of their 
time and money, giving to them all the charms of an 
outdoor life, and a good position among their fellow- 
men. 



INDEX 



••^^ 



AMEEICA, slate imported from, 

176 ; slate quarries of, 75 ; slates 

exported to, 1 69 
Analyses of slate, 7, 8, 9 
Angers, castle of, 161 ; slate quarries 

of, 73 
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Chlorite, 9 
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Clay slate, 7 

Cleavage, slaty, 12 ; perfect, 20 
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Comparison of different sl^te quar- 
ries, 116 

Conway, castle of, 161 
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Corris, slate district of, 61 ; strata 
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Cross-cutting, 121 

Crown quany, Dolgelly, 39 

Crychs, 22 
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Owmbwlchllan, 46 
Cwm Cydd, 46 
Cwm Dwyfor, 44 
Cwm Trwscol, 43 
Cynicht, 49 



DELABOLE slate quarries, 162 
Devonian strata, 76 
Devonshire, slate quarries of, 76 
Dinas Mawddy, 61, 63 
Dinorwig quarries, 31 
Dolgelly, 39, 40 
Dolwyddelen, 49 

Dressers and dressing, 123 ; sheds, 
121 ; tools, 123 ; machines, 126 



EXPLOSIVES, 120 



FESTINIOG, list of quarries near, 
slate production of, 59 ; slate beds 
of. 63-67 

France, slates of, 76 



GALLERY, slate, 117 
Grange stick, 124 
General table of strata, 3 
Genoa, liassic slates o^ 77 
Geological position of slates, 2 
Germany, slate quarries of, 76 
Gerynt, 47 
Glynceiriog, 70, 163 
Glyndyfrdwy, 70 
Gursedda Junction Railway, 44 
Groups of strata, 1 
Gwynant valley, 47 



HAELECK, strata near, 35, 36 
History, early, of slate quarries, 161 
Hornblende slate, 6 ^ 



IGNEOUS andmetamorphicroeks, 4 
Incline, actual cost of, 110 



Ireland, slate strata of, 74 
Isle of Man, 74 

JOINTS, 24 

KENDAL, 75 

Killaloe, slate quarries of, 74 

LIAS, 77 

Lingulella, 37 

Llanberis, 18, 30, 34 

Llandeilo strata, 41, 50 ; lower 
greenstone of, 41, 42 ; ashes, 
felspars, and porphyries o^ 43 ; 
slate groi;ip of, 42 ; Llandeilo and 
Bald beds, xmconformability be- 
tween, 61 

Llanfrothren, 49 

Llangollen, 70, 130 

Llangynog, 65, 69, 163, 168 

Llanyrwchwyn, 47 

London, present prices of slates in, 
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MACHINE house, 112; plan of, 113 

Maengwynedd, 40 

Magnesia, 9 

Magnetic currents, 16, 17 

Manager, duties of, 117 

Maryport, slates of, 72 

Merionethshire anticlinal, 35, 57 

Metamorphic and igneous rocks, 4 

Mica slate, 6 

Millstone grit, flagstones of, 77 

Mineral statistics, 84 

Moel Fema, 70 

Moel Hebog, 45 

Moelwyn, 49 

Moravia and Silesia, slate quarries 

of, 75 
Mountain masses, crystallisation of, 

15 

NANTLLE, 30 

North Wales narrow gauge rail- 
way, 44 
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OOLITE, 78 



PAVING sette, 41 

Pebbles, elongated by cleavage, 
18 

Pembrokeshire, slates of, 73 

Penmachno, 59 

Pennant valley, Carnarvonshire, 44 

Penrhjn slate quarries, 30, 163 

Permian strata, 9, 11 

Peroxide of iron, 9 

Pillaring, 121 

Planing machine, 127 

Polar fbrce, cleavage, result of, 16 

Portmadoc, strata of, 37 ; ship- 
ments of slates from, 170 ; prices 
of slates at, 172 

Posts, 20 

Pressure, cleavage, result of, 16 

Protoxide of iron, 9 

Pumps, 128 



BESISTING power of slate, 7 
Bhiwbach, 50, 51 
Rhiwbryfdir, 50, 52 
Ridge roll machine, 127 
Bock, unprofitable, 25 
Bubblers, 124 



SAWING table, 126; saw-sharpener, 
126 

Scotland, slate rocks of, 73 

Slabs, manufacture of, 127 ; prices 
of, 128 

Slates, banded, 10; colouring mat- 
ter of, 9 ; deposition of, 11 ; fossil 
remains in, 5 ; geological position 
of, 2 ; in quality, 12 ; proportion of 
finished to waste rock, 25 ; spe- 
cific gravity of, 6; spotted, 10; 
tenacity of, 7 ; variations in colour 
of, 8 

Slaty cleavage distinct from bedding. 



12 ; direction of, in N. Wales, 13 ; 
illustration of, 14 ; Bakewell oii« 
15 ; Sedgwick on, 15 ; De la 
Beche, 16; PhiUipo, 16; Sorby, 
16 ; Poulett Scrope, 16 ; Tyndall, 
16 ; mechanical origin of, 17 ; 
recapitulation of theories, 18, 
19. 

Slate quarries, causes of failure of, 
154 ; chambered quarry worked by 
adits, 98 ; comparison of various 
quarries, 1 08-9 ; dead rent, 8 1 ; dis^ 
covery of, 77 ; early history of, 80 ; 
early methods of working, 166; 
erections, 114; examinations o^ 
87 ; inclines for, 110 ; lease, 80 ; 
methods of proving, 85 ; mode of 
opening, 90 ; cost, 94 ; mode of 
opening, 99 ; net profit in 
ordinary quarries, 147 ; ordinary 
working of, 118; open quarry 
on flat ground, mode of open- 
ing, 101 ; cost, 101 ; open quarry 
on hill-side, 90; outside ex- 
penses of, 146 ; outside arrange 
ments of, 115 ; plan of, 100 ; cost^ 
100 ; prices paid for, 92 ; railway 
and shipping communication for, 
89; royalty, 80; tramways for, 
110 ; underground quarry worked 
by shafts, mode of opening, 102 ; 
cost, 104 ; way leaves and water 
rights, 83 

Slate range line 1, 26; 1a, 35; 2, 
39; 3, 43; 3a, 45; 3b, 47; 3c, 
49 ; 3i>, 60 ; 3b, 65 ; 4, 67 

Slate rock, fature supply of, 179; 
yearly consumption of, 170 

Slates, prices of 1799-1876, 172; 
London prices o^ 172; American, 
177 ; conditions of sale of, 150 ; 
price Ust 1867, 149; 1877, 150 

Slate trade, rise and progress of, 
161 ; recent rapid growth, 173 

Snowdon, 45 

Sparry veins, 23 

Stonesfield slate, 74 

Strata, groups of, 1 ; table of, 3 ; 
hardened, 23 
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Sulphide of iron, 9 
Sweden, slates of, 74 



TALCOSE slate, 6 
Tarannon shale, 69 
Tenacity of slate, 7 
Trammers, 117 
Tramways, 110 
Trefrhiw, 47 
Tremadoc, 37 
Turbines, 127 



VALENCIA, 76 
Vein, slate, 6 



WALES, North, total slate produc- 
tion of, 169 

Water balance, 127 

Water wheel, 127 

Wenlock strata in N. Wales, 67 ; 
quarries in, 70 ; production of 
slate irom, 71 

Wicklow, 72 
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VALUABLE WORKS 

ON 

MINING, ENGINEERING, 
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THE MINERAL SURVEYOR AND VALUERS 

COMPLETE GUIDE, comprising a Treatise on Improved 
Mining Surveying, with New Traverse Tables, and 
Descriptions of Improved Instruments ; also an exposition of the 
correct principles of Ikying out and Valuing Home and Foreign 
Iron and Coal Mineral Properties. By William Lintern, Mining 
aiid Civil Engineer. With four Plates of Diagrams, Flans, &c. 
i2mo. cloth boards, 4r. 

THEORY OF COMPOUND INTEREST AND AN 

NUITIES; with Tables of Logarithms for the more difficult 
Computations of Interest, Discount, Annuities, &c. in all their 
Applications and uses for Mercantile and State Purposes. With 
an elaborate Introduction. By FfiDOR Thoman, of the Soci^t^ 
Credit Mobilier, Paris. Third Edition, carefully revised and 
corrected. i2mo. cloth boards, 4r. 6^. 

' A very powerful work, and the Author has a very remarkable command of his 
subject.'— Professor A de Morgan. 

'We recommend it to the notice of actuaries and accountants.' — ATHSNiBUM. 






The above tivo books are also sold bound together in One Volume, 
Price Is, 6d. cloth boards. 



MANUAL OF MINING TOOLS, comprising their Ma- 
terials and Manufacture, their Special Uses, Applications, Qualities, 
and Efficiency. Illustrated by an Atlas of 235 Engravings, drawn 
to scale. By William Morgans, Lecturer on Mining at the 
Bristol School of Mines.- i2mo. vol. of Text and 4to. voL of 
Engravings, 9J. 6d, cloth boards. 

' Students in the science of mining, and not only they, but subordinate officials in 
mines, and even overmen, captains, managers, and viewers, may gain practical knowledge 
and useful hints by the study of Mr. Morgans' Manual.' — Collibrv Guardian. 

LoNZ>ON : CROSBY LOCKWOOD & CO., 7 Stationers' Hall Court, E.C. 



2 Valuable Works on Minings Engineerings &*c. 

THE ENGINEERS, MINING SURVEYORS, AND 

CONTRACTOR'S FIELD BOOK. By W. Davis Haskoll. 
Civil Engineer. Third Edition, enlarged. With numerous Wood- 
cuts, i2mo. I2r. cloth. 

A PRACTICAL TREATISE ON THE LAW RE- 
LATINO TO MINES AND MINING COMPANIES. By 
Whitton Arundell, Attomey-at-Law. Crown 8vo. 41. cloth. 

A CLASS-BOOK OF GEOLOG F, Physical and Historical. 
With more than 250 Woodcuts. By Ralph Tate, A. L. S. , F. G. S. 
i2mo. cloth boards, 5^. 

' The facts and statements are carefully selected, and recent observations of impor* 
tance are duly noticed.'— Scientific Review. 

' Exhaustive and well arranged.'— School Board Chronicle. 

METALLURGY OF IRON, a Treatise on the. Contain- 
ing History of Iron Manufacture, Methods of Assay, and Analyses 
of Iron Ores, Processes of Manufacture of Iron and Steel, &c. 
By H. Bauerman, F.G.S. Fourth Edition, enlarged, with 
numerous Illustrations. i2mo. cloth boards, 41. dd, 

COAL AND COAL MINING: a Rudimentary Treatise 
on. By Warrington W. Smyth, M.A., F.R.S., &c.. Chief 
Inspector of the Mines of the Crown, and of the Duchy of Corn- 
wall. New Edition, revised and corrected. With numerous 
Illustrations. i2mo. cloth boards, 3J. 6^. 

SUBTERRANEOUS SURVEYING, Elementary and 

Practical Treatise on, with and without the Magnetic Needle. By 
Thomas Fen wick. Surveyor of Mines, and Thomas Baker, C.E. 
Illustrated. i2mo. cloth, 2j. 6^. 

METALLURGY OF COPPER; an Introduction to the 

Methods of Seeking, Mining, and Assaying Copper, and Manufac- 
turing its Alloys. By Robert H. Lamborn, Ph.D. Woodcuts. 
i2mo. cloth, 25, 6d. 

METALL URGY OF SIL VER AND LEAD. A Descrip- 

tion of the Ores ; their Assay and Treatment, and Valuable 
Constituents. By Dr. R. H. Lamborn. Woodcuts. i2mo. 
cloth, 2^*. 

London : CROSBY LOCKWOOD & CO., 7 Stationbrs* Hall Court, E.C. 



Valuable Works on Mining, Engineering, &*c. 3 

ELECTRO-METALLURGY; PracticaUy Treated. By 
Alexander Watt, F.R.S.S. A. New Edition, enlarged. Wood- 
cuts. i2mo. cloth, 2s, 6d. 

MINING AND QUARRYING, with the Sciences con- 
nected therewith. First Book of, for Schools. By J. H. Collins, 
F.G.S., Lecturer to the Miners' Association of Cornwall and 
Devon. i2mo. cloth, \s, 

MINERALOGY, Rudiments of; a concise View of the 
Properties of Minerals. By A. Ramsay, Jun. Woodcuts and Steel 
Plates. i2mo. cloth, y, 

THE WEIGHT CALCULATOR; being a Series of 

Tables upon a New and Comprehensive Flan, exhibiting at one 
Reference the exact value of any weight from i lb. to 15 tons, at 
300 Progressive Rates from i Penny to 168 Shillings per cwt., and 
containing i86,cxx> Direct Answers, which, with their Combinations, 
consisting of a single addition (mostly to be performed at sight), 
will afford an aggregate of 10,266,000 Answers ; the whole being 
calculated and designed to ensure Correctness and promote Despatch. 
By Henry Harben, Accountant, Sheffield, Author of *The 
Discount Guide.* An entirely New Edition, carefully revised. 
Royal 8vo. strongly half-bound, 30*. 

' Gives the answers sought more readily than any of its'predecessors/ 

Mining Journal. 
' Unprecedentedly copious and convenient.' — Produce Markets Review. 

THE DISCOUNT GUIDE : comprising several Series of 

Tables for the use of Merchants, Manufacturers, Ironmongers, and 
others, by which may be ascertained the exact profit arising from 
any mode of using Discounts, either in the Purchase or Sale of 
Goods, and the method of either Altering a Rate of Discount, or 
Advancing a Price, so as to produce, by one operation, a sum that 
will realise any required profit after allowing one or more Discounts : 
to which are added Tables of Profit or Advance from i^ to 90 per 
cent.. Tables of Di count from i J to 98J per cent., and Tables of 
Commission, &c., from ^ to 10 per cent. By Henry Harben, 
Accountant, Author of *The Weight Calculator.' New Edition, 
carefully revised and corrected. In a handsome demy 8vo. volume 
(544 PP')> strongly and el^;antly half-bound, price ;^i. 5^. 

\yust /nidlisAed. 

* All of these tables are well arranged and clearly printed, and the collection will b 
found of great value in those businesses for which the book has been specially compiled. ' 

Engineering. 
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4 Valuable Works on Mining, Engineering, &*c, 

PRACTICAL TUNNELLING: Explaining in detail the 

Setting-out of the works, Shaft-sinking and Heading-driving, 
Ranging the Lines and Levelling under Ground, Sub- Excavating, 
Timbering, and the Construction of the Brickwork of Tunnels, with 
the amount of Labour required for, and the Cost of, the various 
Portions of the Woik. By F. W. SiMMS, M.I.C.E. Third Edition, 
Revised, with additional chapters Illustrating the Recent Practice 
of Timnelling as exemplified by the St. Gothard, Mont Cenis, 
and other modem works, by D. Kinnear Clark, M.I.C.E. 
Imperial 8vo. cloth, with 21 Folding Plates and numerous Wood 
Engravings. 30J. \ytist published, 

THE PR A CTICE OF ENGINEERING FIELD WORK, 

applied to Land and Hydraulic, Hydrographic, and Submarine 
Surveying and Levelling. Second Edition, revised, with consider- 
able Additions. By W. Davis Haskoll, C.E. Numerous Fold- 
ing Plates. 8vo. 2 vols, in one, cloth, £\, is. (pub. at £2. 4s,) 

LAND AND MARINE SURVEYING, in Reference to 

the Preparation of Plans for Roads and Railways, Canals, Rivers, 
Towns* Water Supplies, Docks, Harbours, &c., &c. By W. 
Davis Haskoll, C.E. Demy 8vo. with 14 Folding Plates and 
numerous Woodcuts, 12s. 6d. cloth. * 

' A most useful and well-arranged book for the aid of a student. We can strongly 
recommend it as a carefully written and valuable text-book.' — Buildbr. 

THE PRINCIPLES AND PRACTICE OF LEVEL- 

LING : Showing its Application to Purposes of Railway and Civil 
Engineering, in the Construction of Roads ; with Telford's Rules 
for same. By F. W. Simms, F.G.S., M.LC.E. Sixth Edition, 
revised, with Law's Examples for Setting out Railway Curves, and 
Trautwine's Field Practice of Laying out Circular Curves. 
With 7 Plates and numerous Woodcuts. 8vo. &r. 6d. cloth. 

%♦ Trautwine on Curves, separate, $s. 

A HANDY BOOK FOR THE CALCULATION OF 

STRAINS IN GIRDERS AND SIMILAR STRUCTURES, 
AND THEIR STRENGTH ; consisting of Formulae and Corre- 
sponding Diagrams, with numerous details for Practical Application, 
&c. By W. HUMBER, A.I.C.E., &c. 2nd Edition. Fcp. 8vo. 
with nearly 100 Woodcuts and 3 Plates, ^s, 6d, cloth. 

'The formulae are neatly expressed, and the diagrams good.' — ^ATHSNiBUU. 
London : CROSBY LOCKWOOD & CO., 7 Stationers' Hall Court, E.C 
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A TREATISE ON THE STRENGTH OF MATE- 

RIALS. By Peter Barlow, F.R.S. A New and Enlarged 
Edition, revised by the Author's Sons, and Edited by W. Humber, 
A.I.C.E. 8vo. with 19 Plates, and numerous Woodcuts, i&r. cloth. 

'The standard treatise upon thut particular subject.* — Engineer. 

AN OUTLINE OF THE METHOD OF CONDUCT- 

ING A TRIGONOMETRICAL SURVEY, for the Formation 
of Geographical and Topographical Maps and Plans, Military Re- 
connaissance, Levelling, &c. By Lieut. -General Frome, R.E. 
Fourth Edition, enlarged, thoroughly revised, and partly re-written. 
By Captain Charles Warren, R.E., F.G.S. With 19 Plates 
and 115 Woodcuts. Royal 8vo. idr. cloth. 

MATHEMATICS FOR PRACTICAL MEN; being a 

Commonplace Book of Pure and Mixed Mathematics. Designed 
chiefly for the Use of Civil Engineers, Architects, and Surveyors. 
By Olinthus Gregory, LL.D., F.R.A.S. Enlai^ed by Henry 
Law, C. E. Fourth Edition, carefully revised and corrected by J. 
R. Young, formerly Professor of Mathematics, Belfast College. 
With 13 Plates, medium Svo.^f i. is, cloth. 

PIONEER ENGINEERING. A Treatise on the En- 
gineering Operations connected with the Settlement of Waste Lands 
in New Countries. By Edward Dobson, Assoc. Inst. C.E., 
Author of * The Art of Building,' &c. With numerous Plates and 
Wood Engravings. Crown 8vo. loj. 6^1 [yust published, 

* The author's experience has been turned to good account, and the book is likely to 
t)e of considerable service to pioneer engineers.' — Building News. 

THE WORKMAN'S MANUAL OF ENGINEERING 

DRAWING. By John Maxton, Instructor in Engineering 
Drawing, Royal Naval College, Greenwich, formerly of R.S.N. A., 
South Kensington. Third Edition, carefully revised. With upwards 
of 300 Plates and Diagrams. i2mo. doth, 4r. 6d, 

THE SAFE USE OF STEAM: containing Rules for 

Unprofessional Steam Users. By an Engineer. Third Edition. 
i2mo. sewed, 6d, 

* If steam-users would but learn this little book by heart, and then hand it to their 
stokers to do the same, and see that the latter do it, boiler explosions would become sensa- 
tions by their rarity.'— English Mechanic. 
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HYDRAULIC TABLES, COEFFICIENTS, AND 

FORMULAE for finding the Discharge of Water from Orifices, 
Notches, Weirs, Pipes, and Rivers. With New Formulae, Tables, 
and General Information on Rain-fall, Catchment-basins, Drainage, 
Sewerage, Water Supply for Towns, and Mill Power. By John 
Neville, Civil Engineer, M.R.I. A. Third Edition, carefiilly 
revised, with Additions. Numerous Illustrations. Crown 8vo. 
cloth, I4r. 

' Undoubtedly an exceedingly useful and elaborate compilation.' — Iron. 

STEAM AND THE STEAM-ENGINE, Stationary and 

Portable, an Elementary Treatise on. Being an Extension of Mr. 
John Sewell's Treatise on Steam. ByD. KinKear Clark, C.E., 
M.I.C.E. With Illustrations. i2mo. cloth, 4r. 

THE LAW OF CONTRACTS FOR WORKS AND 

SERVICES. By David Gibbons. Third Edition, revised and 
considerably enlarged. i2mo. cloth, 3X. 

LAND AND ENGINEERING SURVEYING,2iTrtzAst 

on; with all the Modem Improvements. Arranged for the Use of 
Schools and Private Students; also for Practical lioid Surveyors and 
Engineers. By T. Baker, C. E. New Edition, revised by Edward 
Nugent, C.E. Illustrated with Plates and Diagrams. i2mo. 
cloth, 2S. 

SANITARY WORK IN THE SMALLER TOWNS 

AND IN VILLAGES. Comprising :— i. Some of the more 
Common Forms of Nuisance and their Remedies; 2. Drainage; 
3. Water Supply. A usefiil book for Members of Local Boards and 
Rural Sanitary Authorities, Health Officers, Engineers, Surveyors, 
Builders, and Contractors. By Charles Slagg, Assoc. Inst. C.E. 
Crown 8vo. doth, 5^. 

' This is a very useful book, and may be safely recommended. There is a great deal of 
work required to be done in the smaller towns and villages, and this little volume will 
help those who are willing to do it.' — Builder. 

A PRACTICAL TREATISE ON MECHANICAL 

ENGINEERING. Comprising Metallurgy, Moulding, Casting, 
Forging, Tools, Workshop Machinery, Mechanical Manipulation, 
Manufacture of the Steam Engine, &c. &c With an Appendix on 
the Analysis of Iron and Iron Ore, &c. By F. Campin, C.E. 
Illustrated with 91 Woodcuts and 28 Plates. 8vo. cloth, 12s, 

London: CROSBY LOCKWOOD & CO., 7 Stationers' Hall Court, E.G. 
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Humberts New Work on Water-Supply. 

A COMPREHENSIVE TREATISE on the WATER-SUPPLY 
of CITIES and TOWNS. By William Humber, A-M. Inst. 
C.E., and M. Inst. M.E. Illustrated ^ith 50 Double Plates, 
I Single Plate, Coloured Frontispiece, and upwards of 250 Wood- 
cutsy and containing 400 pages of Text, Imp. 4to, 6/. 6^^. elegantly 
and substantially half-bound in morocco. 

, List of Contents: — 

I. Historical Sketch of some of the 
means tliat have been adopted for the 
Supply of Water to Cities and Towns.— 



II. Water and the Foreign Matter usually 
associated with it. — III. Rainfall and 
Evaporation. — IV. Springs and the water- 
bearing formations of various districts. — 
V. Measurement and Estimation of the 
Flow of Water.— VJ. On the Selection of 
the Source of Supply.— VIl. Wells.— 
VIII Rcjrcrvoirs. — I A. ITie Purification 
of Water.- X. Pumps. — XI. Pumping 



Machinery.— XII. Conduits. — XIII. Dis- 
tribution of Water. — XIV. Meters, Ser- 
vice Pipes, and House Fittings. — XV. The 
Law and Economy of Water Works. — 
XVI. Constant and Intermittent Supply. 
—XVII. Description of Plates. — Appeiv- 
dices, ^ving Tables of Rites of Supply, 
Velocities, &c. &c., together with Specifi- 
cations of several Works illustrated, among 
which will b« found : — Aberdeen, Bideford, 
Canterbury, Dundee, Halifax, Lambeth, 
Rotherham, Dublin, and others. 



" The most systematic and valuable work upon water supply hitherto produced in 
£nglish, or in any other language .... Mr. Humberts work is characterised almost 
throughout by an exhaustiveness much more distinctive of French and German tham 
of English technical treatises."— .Ent^iVi^^r. 

Humberts Great Work on Bridge Construction. 

A COMPLETE and PRACTICAL TREATISE on CAST and 
WROUGHT-IRON BRIDGE CONSTRUCTION, including 
Iron Foundations. In Three Parts — Theoretical, Practical, and 
Descriptive. By William Humber, A-M. Inst C.E., and M.Inst 
M.E. Third Edition, with 115 Double Plates. In 2 vols. imp. 4to, 
6/. i6x. dd, half-bound in morocco. 

" A book— and particularly a large and costly treatise like Mr. Humber's— which 
has reached its third edition may certainly be said to have established its owa 
reputation." — En^neertng, 
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Humbers Modem Engineering. 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING. First Series. Comprising Civil, Mechanical, Marine, Hy- 
draulic, Railway, Bridge, and other Engineering Works, &c. By 
William H umber, A-M. Inst C.E., &c Imp. 4to, with 
36 Double Plates, drawn to a large scale, and Portrait of John 
Hawkshaw C.E.,.F.R.S., &c., and descriptive Letter-press, Speci- 
fications, &c. 3/. 3J. half morocco. 

List of the Plates and Diagratns. 

plates) ; Bridge over the Thames, West 
London Extension Railway (^ plates) ; Ar- 
mour Plates : Suspension Bndge, Thames 
(4 plates) : The Allen Engine ; Suspension 
Bndge, Avon (3 plates); Underground 
Railway (3 plates). 



^ Victoria Station and Roof, L. B. & S. 
C. R. (8 plates) ; Southport Pier (2 plates); 
Victoria Station and Roof, L. C. & D. and 
G. W. R. (6 plates) ; Roof of Cremome 
Music Hall ; Bridge over G. N. Railway ; 
Roof of Station, Dutch Rhenish Bail (2 



** Handsomely lithographed and printed. It will fimd favour with many who desire 
to preserve in a permanent form copies of the plans and specifications prepared for the 
euidance of the contractors for many important engineerinK works." — Engineer, 

HUMBERTS RECORD OF MODERN ENGINEERING. Second 
Series. Imp. 4to, with 36 Double Plates, Portrait of Robert Ste- 
phenson, C.E., &C., and descriptive Letterpress, Specifications, 

ike 3/. y, half moroccOi 

List of the Plates and Diagratiis. 



Viaduct. Merthyr, Tredegar, and Aberga- 
venny Railway ; College Wood Viaduct, 
Cornwall Railway ; Dublin Winter Palace 
Roof (3 plates) ; Bridge over the Thames, 
L. C. and D. Railway (6 plates) ; Albert 
Harbour, Greenock (4 plates}. 



Birkenhead Docks, Low Water Basin 
(15 plates) ; Charing Cross Station Roof, 
C. C. Railway (3 plates) ; Digswell Via- 
duct, G. N. Railway ; Robbery Wood 
Viaduct, G. N. Railway ; Iron Permanent 
Way ; Clydach Viaduct, Merthyr, Tre- 
degar, and Abergavenny Railway ; Ebbw 

H UMBER'S RECORD OF MODERN ENGINEERING. Third 
Series. Imp. 4to, with 40 Double Plates, Portrait of J. R. M 'Clean, 
Esq., late Pres. Inst. C.E., and descriptive I5btterpress, Specifica- 
tions, &c. 3/. 3J. half morocco. 

List oft/te Plates and Diagratiis. 



Main Drainage, Metropolis.— 
North Side. — Map showing Interception 
of Sewers ; Middle Level Sewer (2 plates ; 
Outfall Sewer, Bridge over River Lea (3 
plates); Outfall Sewer, Bridge over Marsh 
Lane, North Woolwich Railway, and Bow 
and Barldng Railway Junction ; Outfall 
Sewer, Briobre over Bow and Barking 
Railway (3 plates); Outfall Sewer, Bridge 
over East London Waterworks' Feeder 
(2 plates); Outfall Sewer, Reservoir (2 



Branch (2 plates) ; Outflsdl Sewer, Reser- 
voir and Outlet (4 plates) ; Outfall Sewer, 
Filth Hoist; Sections of Sewers (North 
and SouUi Sides). 

Thames Embankment. — Section of 
River Wall ; Steamboat Pier, Westminster 
(2 plates) : Landing Stairs between Cha- 
ring Cross and Waterloo Bridges ; York 
Gate (2 plates) ; Overflow and Outlet at 
Savoy Street Sewer (3 plates) ; Steamboat 
Pier, Waterloo Bridge (3 plates) ; June- 



plates); Outfall Sewer, Tumbling Bay ' tion of Sewers, Plans and Sections; Gullies, 

and Outlet ; Outfall Sewer, Penstocks. Plans and Sections ; Rolling Stock ; Gra- 

South Side. — Outfall Sewer, Bermondsey ! nite and Iron Forts. 

HUMBERTS RECORD OF MODERN ENGINEERING. Fourth 
Series. Imp. 4to, with 36 Double Plates, Portrait of John Fowler, 
Esq., late Pres. Inst. C.E., and descriptive Letterpress, Specifica- 
tions, &c. 3/. 3J. half morocco. 

List of the Plates and Diagrams. 



Abbey MUls Pumping Station, Main 
Drainage, Metropolis (4 plates); Barrow 
Docks {5 plates) ; Manquis Viaduct, San- 
tiago and Valparaiso Railway (2 plates); 
Adam's Locomotive, St. Helen's Canal 
Railway (2 plates) ; Cannon Street Station 
Roof, Charing Cross Railway (3 plates) ; 
Road Bridge over the River Moka (,^ 
plates); Telegraphic Apparatus for Meso 



potamia ; Viaduct over the River Wye, 
M idland Railway (3 plates) ; St. German's 
Viaduct, Cornwall Railway |2 plates) ; 
Wrought- Iron Cylinder for Diving Bell ; 
Millwall Docks (6 plates) ; Milroy's Patent 
Excavator, Metropolitan District Railway 
(6 plates) ; Harbours, Ports, and Break- 
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Strains, Formula & Diagrams for Calculation of. 

A HANDY BOOK for the CALCULATION of STRAINS 
in GIRDERS aiid SIMILAR STRUCTURES, and their 
STRENGTH ; consisting of Formulseand Corresponding Diagrams, 
with numerous Details for Practical Application, &c. By William 
HUMBER, A-M. Inst C.E., &c Third Edition. With nearly 
100 Woodcuts and 3 Plates, Crown 8vo, ^s, 6d, cloth. 

**Th« arrangement of the matter in this little volume is as convenient as it well 
could be.^ • • .• • The system of ^ employing diagrams as a substitute for complex 
computations is one justly coming into ^eat favour, and in that respect Mr. Hiunber's 
vohime is fully up to the times." — Engineering. ^ 

"The formulae are neatly expressed, and the diagrams good." — Athenaeum, 
'* Mr. Humber has renderea a great service to the architect and engineer by pro* 
ducing a work especially treating on the methods of delineating the strains on iron 
beans, roofs, ana bridges by means of diagrams."— ^74//!i^. 

Strains. 

THE STRAINS ON STRUCTURES OF IRONWORK; 

with Practical Remarks on Iron Construction. By F. W. Shbilds, 

M. Inst C.E. Second Edition, with 5 Plates. Royal 8vo, $s, cloth. 

" The student cannot find a better little book on this subject than that written by 

Mr. Sheilds." — Engineer, 

Barlow on the Strength of Materials, enlarged. 

A TREATISE ON THE STRENGTH OF MATERIALS, 
with Rules for application in Architecture, the Construction of 
Suspension Bridges, Railwajrs, &c. ; and an Appendix on the 
Power of Locomotive Engines, and the effect of Inclined Planes 
and Gradients. By Peter Barlow, F.R.S. A New Edition, 
revised by his Sons, P. W. Barlow, r.R.S., and W. H. Barlow, 
F.R.S. The whole arranged and edited by W. Humber, A-M. 
Inst. C.E. 8vo, 400 pp., with 19 large Plates, and numerous 
woodcuts, i&r. cloth. 

" The best book on the subject which has yet appeared .... We know of 
no work that so completely fulfils its mx&sxon.— English Mechanic. 

" The standard treatise upon this particular subject." — Engineer. 

Strength of Cast Iron, &c. 

A PRACTICAL ESSAY on the STRENGTH of CAST IRON 
and OTHER METALS. By Thomas Tredgold, C.E. Fifth 
Edition. To which are added. Experimental Researches on the 
Strength and other Properties of Cast Iron, by E. Hodgkinson, 
F.R.S, With 9 Engravings and numerous Woodcuts. 8vo, 12s, 
cloth. #♦» H0DGKiNS0N*s RESEARCHES, separate, price 6s, 

Hydraulics. 

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULAE 
for finding the Discharge of Water from Orifices, Notches, Weirs, 
Pipes, and Rivers. With New Formula, Tables, and General 
Information on Rain-fall, Catchment-Basins, Drainage, Sewerage, 
Water Supply for Towns and Mill Power. By John Neville, 
Civil Engineer, M.R.I.A. Third Edition, carefully revised, with 
considerable Additions. Numerous Illustrations. Cr. 8vo, 14J. cloth. 

** Undoubtedly an exceedingly useful and elaborate compilation." — Iron, 
** Alike valuable to students and engineers in pracuce."— Mining 'Jwrnol. 
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Levelling. 

A TREATISE on the PRINCIPLES and PRACTICE of 
LEVELLING ; showin^^ its Application to Purposes of Railway 
and Civil Exigineering, in the Construction of Roads ; with Mr. 
Telford's Rules for the same. By Frederick W. Simms, 
F.G.S., M. Inst C.E. Sixth Edition, very carefidly revised, with 
the addition of Mr. Law's Practical Examples for Setting out 
Railway Curves, and Mr. Trautwine's Field Practice of Ikying 
out Circular Curves. With 7 Plates and numerous Woodcuts. 8vo, 
&r. (>d. cloth. %♦ Trautwine on Curves, separate, Jr. 

" The text-book on levelling in most of our engineering schools and coUegos."— 
Engitugr, 

Practical Tunnelling. 

PRACTICAL TUNNELLING; Explaining in detail the Setting 
out of the Works, Shaft-sinking and Heading-Driving, Ranging 
the Lines and Levelling under Ground, Sub-Excavating, Timbering, 
and the Construction of the Brickwork of Tunnels with the amount 
of labour required for, and the Cost of, the various portions of the 
work. By F. W. SiMMS, M. Inst. C.E. Third Edition, Revised 
and Extended. By D. Kinnear Clark, M.I. C.E. Imp. 8vo, 
with 21 Folding Plates and numerous Wood Engravings, 30 j. cloth. 
" It has been regarded from the first as a text-book of the subject . . . Mr. Clark 
has added immensely to the value of the hook."-^£n£ineer. 

Steam, 

STEAM AND THE STEAM ENGINE, Stationary and Port- 
able, an Elementary Treatise on. Being an Extension of Mr. 
John Sewell's Treatise on Steam. By D. Kinnear Clark, 
M.I. C.E. Second Edition Revised. i2mo, 45. cloth. 
" Every essential part of the subject is treated of competently, and in a popular 
style." — Iron. 

GaS'L ighting. 

COMMON SENSE FOR GAS-USERS : a Catechism of Gas- 
Lighting for Householders, Gashtters, Millowners, Architects, 
Engineers, &c., &c. By Robert Wilson, C.E. 2nd Edition, 
with Folding Plates, Crown 8vo, sewed, 2j. 6/, 

Bridge Construction in Masonry^ Timber y & Iron. 

EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC- 
TION OF MASONRY, TIMBER, AND IRON ; consisting of 
46 Plates from the Contract Drawings or Admeasurement of ^ect 
Works. By W. Davis Haskoll, C.E. Second Edition, with 
the addition of 554 Estimates, and the Practice of Setting out Works, 
with 6 pages of Diagrams. Imp. 4to, 2/. I2x. 6d. half-morocco. 
"A work of the present nature by a man of Mr. Haskoirs experience, must prove 
invaluable. The tables of estimates considerably enhance its value." — En^^neerini, 

Earthwork. 

EARTHWORK TABLES, showing the Contents in Cubic Yards 
of Embankments, Cuttings, &c., of Heights or Depths up to an 
average of 80 feet. By Joseph Broadbent, C.E., and Francis 
Campin, C.E. Cr. %vo, o\Aot\^, V- ^^^- 

"/The way in which accuracy is altaJuxtdn >av ^ »nv'^^ ^vt\svs:rw <:R. ^ajSa. ^asass 
section into three elements, two ol vi\uc\i a.tt c^x^va^x «jA qwi -wrva^i«^*>s-'^: 
SeDio\xs,**^AthezKeHtn. 
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Trcwtways and their Working, 

TRAMWAYS: their CONSTRUCTION and WORKING. 
Containing a Comprehen»ive History of the S3rstem ; an exhaus- 
tive Analysis of the Various Modes of Traction, including Horse 
Power, Steam, Heated Water, and Compressed Air; a Description 
of the varieties of Rolling Stock ; and ample Details of Cost and 
Working Expenses, with Special Reference to the Tramways of the 
United Kingdom. By D. Kinnear Clark, M. I. C. E., Author 
of * Railway Machinery,* &c., in one vol. 8vo, with numerous Illus- 
trations and thirteen folding I^lates, i8j. cloth. 
" All interested in tramways must refer to it, as all railway engineers have turned 
to the author's work ' Railway Machinery.*" — The Engineer. 

*' Mr. Clark's book is indispensable for the students of the suibject.*—* T'A^ Builder. 
"An exhaustive and practical work on tramways, in which the history of this 
kind of locomotion, and a description and cost of the various modes of laying tram- 
ways, are to be found." — Building News, 

Pioneer Engineering. 

PIONEER ENGINEERING. A Treatise on the Engineering 
Operations connected with the Settlement of Waste Lands in New 
Countries. By Edward Dobson, Assoc Inst. C.E., Author of 
"The Art of Building," &c. With numerous Plates and Wood 
Engravings. Second edition, carefully revised, i2mo, 5^. cloth. 
" A workmanlike production, and one without possession of which no man should 
start to encounter the duties of a pioneer engineer." — Athewtuni. 

" There is much in the book to render it very useful to an engineer proceeding to 
the colonies." — Engineer. 

Steam Engine. 

TEXT-BOOK ON THE STEAM ENGINE. By T. M.- 
GooDEVE, M.A., Barrister-at-Law, Author of **The Principles 
of Mechanics," "The Elements of Mechanism," &c. Second 
Edition. With numerous Illustrations. Crown 8vo, 6j. cloth. 
" Profes.sor Goodeve has given us a treatise on the steam engine, which will bear 
comparison with anything written by Huxley or Maxwell, and we can award it no 
higher praise." — Engineer. 

•* Mr. Goodeve's text-book is a work of which every young engineer should pos- 
sess himself." — Muting Journal* 

Steam. 

THE SAFE USE OF STEAM : containmg Rules for Unpro- 
fessional Steam Users. By an Engineer. 4th Edition. Sewed, 6^. 

" If steam-users would but learn this little book by heart, boiler explosions would . 
become sensations by their n.rity,"'-'£nglisA Mechanic, 

Iron Bridges, Girders, Roofs, &c. 

A TREATISE ON THE APPLICATION OF IRON 
TO THE CONSTRUCTION OF BRIDGES, GIRDERS, 
ROOFS, AND OTHER WORKS. By Fr.\ncis Campin, C.E. 
Second Edition, Revised and Corrected. i2mo, 3^. cloth. 
" For numbers of young engineers the book is just the cheap, handy, first guide 
they want." — Miiidlesborough IVeekly Ne7us. 

Construction of Iron Beams, Pillars, &c. 

IRON AND HEAT ; exhibiting the Principles concerned in the 
construction of Iron Beams, Pillars, and Bridge Girders, and tlve. 
Action ol Heat in the Smelting Furnace, ^y ^Kio.«» K^^v<^\3^, C:^. 
Woodcuts, i2mo, cloth boards, 35. 
"A very useful and thoroughly practical little volume, m eierj >««^ <i'M(etH\B!t cR. 
arcuuuoa aznoqgsc workmg meju*^''nMitiitt£ J^mnal, 
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Oblique Arches. 

A PRACTICAL TREATISE ON THE CONSTRUCTION of 
OBLIQUE ARCHES. Bj John Hart. Third Editum, with 
Plates. Imperial Svo, &; doCh. 

Oblique Bridges. 

A PRACTICAL and THEORETICAL ESSAY on OBLIQUE 
BRIDGES, with 13 large Plates. By the late Geo. Watson 
Buck, M.I. C.E. Third Edition, revised by his Son, J. H. Watson 
Buck, M.I. C.E. ; and with the addition of Description to Dia- 
grams for Facilitating the Construction of Oblique Bridges, by 
W. H. BarijOW, M. L CE. Royal 8vo, 12/. doth. \Just publisfud, 
"The standard text book for all engmeen regarding skew arches is Mr. Bu^'s 
tnatite aad it woukl be impoaihle to consult abetter."— ^a(f»i«r. 

Gas and Gasworks. 

THE CONSTRUCTION OF GASWORKSIl AND THE 
MANUFACTURE AND DISTRIBUTION OF COAL-GAS. 
Originally written by Samuel Hughes, C.E. Sixth Edition. 
Re-written and much Enlarged, by William Richards, C.E. 
With 72 Woodcuts. l2mo, 55. doth boards. ^fust published. 

Waterworks for Cities and Towns. 

WATERWORKS for the SUPPLY of CITIES and TOWNS, 
with a Description of the Principal Geological Formations of 
England as influencing Supplies of Water. By Samuel Hughes, 
C.E. New and enlarged edition, i2mo, 4r. dd, doth. 

Locomotive-Engine Driving. 

LOCOMOTIVE-ENGINE DRIVING ; a Practical Manual for 
Engineers in charge of Locomotive Engines. By Michael 
Reynolds, M.S.E., formerly Locomotive Inspector L. B. and 
S. C. R. Fourth Edition, greatly enlarged. Comprising A 
KEY TO THE LOCOMOTIVE ENGINE. With Illustra- 
tions and Portrait of Author. Crown 8vo, 4J. (>d. doth. 
'* Mr. Reynolds deserves the tide of the engine driver's initaA."— Railway Nnvs. 
" Mr. Rejmolds has supplied a want, and has supplied it welL We can confidently 

recommend the book not only to the practical driver, but to every one who takes an 

interest in the performance of locomotive engines." — Engineer. 

k " Mr. Reynolds has opened a new ch^ter in the literature of the day. This 

admirable pRulical treatise, of the ptactical utility ci whidi we have to q»eak in 

terms of warm commendation." — Athenaum, 

The Engineer^ Firemany and Engine-Boy. 

THE MODEL LOCOMOTIVE ENGINEER, FIREMAN, 
AND ENGINE-BOY : comprising a Historical Notice of the 
Pioneer Locomotive Engines and their Inventors, with a project 
for the establishment of Certificates of Qualification in the Ruiming 
Service of Railways. By Michael Reynolds, Author of 
** Locomotive- Engine Driving." With Illustrations, and Portrait 
of George Stephenson. Crown 8vo. 4J. 6d. cloth. 




glad to see tms book m the possession 01 everv 
dom who has ever laid, or is to lay, hands on a locomotive engine— /fw/. 

S^aHonary Engine Driving. 

STATIONARY ENGINE Ti^lNY^Qi. ^^^ \fi.. ^Leynolds, 
Author of * * LocomolWe E.iisax^ lifiYca^? \lu i\e tr w. 



PUBLISHED BY CROSBY LOCKWOOD & CO. 7 

Fire Engineering. 

FIRES, FIRE-ENGINES, AND FIRE BRIGADES. With 
a History of Fire-Engines, their Construction, Use, and Manage- 
ment ; Remarks on Fire- Proof Buildings, and the Preservation of 
Life from Fire ; Statistics of the Fire Appliances in English 
Towns ; Foreign Fire Systems ; Hints on Fire Brigades, &c., &c. 
By Charles F. T. Young, C.E. With numerous Illustrations, 
handsomely printed, 544 pp., demy 8vo, l/. 4r. doth. 
" We can most heartily commend this \xx^**'— Engineerings 

"Mr. Youne's book on ' P'ire Engines and Fire Brigades* contains a mass oi 
information, which has been collected from a variety of sources. The subject is so 
intensely interesting and useful that it demands consideration. ''—^»</!iiMj^iVrt«r. 

Trigonometrical Surveying. 

AN OUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Formation of Geo- 
graphical and Topographical Maps and Plans, Military Recon- 
naissance, Levelling, &c., with the most useful Problems iu Geodesy 
and Practical Astronomy. By Lieut. -Gen. Frome, R.K, late In- 
spector-General of Fortifications. Fourth Edition, Enlarged, and 
partly Re-written. By Captain Charles Warren, R.E. With 
19 Plates and 115 Woodcuts, royal 8vo, I dr. doth. 

Tables of Curves. 

TABLES OF TANGENTIAL ANGLES and MULTIPLES 
for setting out Curves from 5 to 200 Radius. By Alexander 
Beazeley, M. Inst. C.E. Second Edition. Printed on 48 Cards, 
and sold in a cloth box, waistcoat-pocket size, 3^. 6d. 
** Each table is printed on a small card, which, being placed on the theodolite, leaves 

the hands free to manipulate the instrument — no small advantage as regards the rapidity 

of work." — Engineer, 

** Very handy ; a man may know that all his day's work must fall on two of these 

cards, which he puts into his o^^m card-case, and leaves the rest behind." — 

A thetueum. 

Engineering Fieldwork. 

THE PRACTICE OF ENGINEERING FIELDWORK, 
applied to Land and Hydraulic, Hydrographic, and Submarine 
Surveying and Leyelling. Second Edition, revised, -with consider- 
able additions, and a Supplement on WATERWORKS, SEWERS, 
SEWAGE, and IRRIGATION. By W. Davis Haskoll, C.E. 
Numerous folding Plates. In One Volume, demy 8vo, l/. 5^., 
cloth boards. 

Large Tunnel Sfiafts. 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS. 
A Practical and Theoretical Essay. By J. H. Watson Buck, 
M. Inst. C.E., Resident Engineer, London and North- Western 
Railway. Illustrated with Folding Plates. Royal Svo, \zs. 

cloth. \yust published. 

" Many of the methods given are of extreme pracdcal value to the mason, and the 
observations on the form of arch, the rules for ordering the stone, and the construc- 
tion of the templates, will be found of considerable use. We commend the book to 
the engineering profession, and to all who have to build similar s\iaSt&."—BuildiMg 
News. 

'* Will be r^arded by civil engineers as of the utmost value, and calcoNax^^XA v^% 
much time and obviate many mistakes."— C^Z/iery Guardian. 
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Survey Prcutice. 

AID TO SURVEY PRACTICE : for Reference in Sunreying, 

Levelling, Setting-oat and in Route Siirve)'S of Travellers by Land 

and Sea. With Tables, Illnsciations, and Records^ By Lowis 

D'A. Jackson, A->LI.C.E. Author of " Hydraulic Manual and 

Statistics," " Canal and Culvert Tables,'^ &c. Large crown, Svo, 

izr. 6e/., cloth. \yitst publishiti. 

" Mr. Jack-on hu produced a valuable mde-mecutH for die surreyor. ^ We can 

recommend this book as coatainin^ an admirable siqipleiiient to the teaching of the 

acOMnpUshed surveyor.** — Atkenttum. 

'* A general text book was wanted, and we are able to speak with confidence of 
Mr. Jacluoo's treatise . . . We cannot r rcon u nend to the student who knows 
>oraethin^ of the mathematical principles of the subject a better course than to fortify 
his practice in the field uudcr a competent surveyor with a study of Mr. Jackson s 
usenil manual. The field recorOa illustrate every land of survey, and will be found 
an essential aid to the student." — BuUdiMg Sews. 

" The author brin^ to his work a fortunate union of theory and practical expe- 
rience which, aided by a clear and ludd style of writing, re n der s the book both a ver>- 
usefnl one and very agreeable to read."— r^anUer. 

Sanitary Work. 

SANITARY WORK IX THE SMALLER TOWNS AND 
IX VILLAGERS. Comprising : — I. Some of the more Common 
Forms of Nuisance and their Remedies ; 2. Drainage ; 3. Water 
Supply. Bv Chas. Slagg, Assoc Inst C.£. Crown 8vo, 3J. cloth. 
'*A very useful book, and may be safely recommended. The author has had 
practical experience in the works of which he Xx^ais."— 'Builder. 

Locomotives. 

LOCOMOTIVE ENGIXES, A Rudimentary Treatise on. Com- 
prising an Historical Sketch and Description of the Locomotive 
Engine. By G. D. DoiPSEY, C.£. With large additions treat- 
ing of the Modern Locomotive, l^ D. Kinnear Clark, CE., 
M.LC.E., Author of "Tramways, their Construction and Working," 
&c., &c With numerous Illustrations. I2ma 3^. 6d. cloth boards. 

" The student cannot fail to profit largely by adopting this as his preliminary text- 
book." — Iron atid Coal Trades Rei'tev.: 

** Seems a model of what an elementary technical book diould be.." — Academy. 

Fuels and their Economy. 

FUEL, its Combustion and Economy ; consisting of an Abridg- 
ment of ** A Treatise on the Combustion of Coal and the Prevention 
of Smoke." By C. W. Williams, A.I.CE. With extensive 
additions on Recent Practice in the Combustion and Economy of 
Fuel— Coal, Coke, Wood, Peat, Petroleum, &c. ; by D. Kin- 
near Clark, C.E., M.I.C.E. Second Edition, revised. With 
numerous Illustrations. i2mo. 4J. cloth boards. {Just published. 
" Students should buy the book and read it, as one of the most complete and satis- 
factory treatises on the combustion and economy of fuel to be had." — Engineer. 

Roads and Streets. 

THE CONSTRUCTION OF ROADS AND STREETS. In 
Two Parts. I. The Art of Constructing Common Roads. By 
Henry Law, C.E. Revised and Condensed by D. Kinnear 
Clark, C.E. —II. Recent Practice in the Construction of Roads 
and Streets : including Pavements of Stone, Wood, and Asphalte. 
By D. Kinnear Clark, C.E., M.I.C.E. i2mo, 5j. clodi. 

" A book which every botoug;h surveyor and engineer must possess, and which will 
be of considerable service to aTc\ttXec\s,\x\iM«s,«»d^toperty owners generally.''-- 
Buiidui^ News. 
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Field-Book for Engineers. 

THE ENGINEER'S, MINING SURVEYOR'S, and CON- 
TRACTOR'S FIELD-BOOK. By W. Davis Haskoll, C.E. 
Consisting of a Series of Tables, with Rules, Explanations of 
Systems, and Use of Theodolite for Traverse Surveying and Plotting 
the Work with minute accuracy bymeans of Straight Edge and Set 
Square only; Levelling with the Theodolite, Casting out and Re- 
ducing Levels to Datum, and Plotting Sections in the ordinary 
manner; Setting out Curves with the Theodolite by Tangentiid 
Angles and Mmtiples with Right and Left-hand Readings of the 
Instrument ; Setting out Curves without Theodolite on the System 
of Tangential Angles by Sets of Tangents and Offsets ; and Earth- 
work Tables to 80 feet deep, calculated for every 6 inches in depth. 
With numerous woodcuts. 4th Edition, enlarged. Cr. 8vo. I2j. doth. 

" The book is very handy, and the author might have added that the separate tables 
of sines and tangents to every minute will make it useful for many other purposes, the 
genuine traverse tables existmg all the sBasie.**—Atk£fututK, 

" Tlie work forms a handsome pocket volume, and cannot fail, from its portability 
and utility, to be extensively patronised by the engineering profession.*'— -JlfMMt^ 

Earthwork, Measurement and Calculation of. 

A MANUAL on EARTHWORK. By Alex. T. S. Graham, 
C.E., Resident Engineer, Forest of Dean Central Railway. With* 
numerous Diagrams. i8mo, 2j. (xi, doth. 

" As a really handy book for reference, we know of no work equal to it ; and the 
railway engineers and others employed in the measurement and calculation of earth- 
work will tod a great amount of practical information very admirably arranged, and 
available for general or rough estimates, as well as for the more exact calculations 
required in the engineers' contractor's offices." — Artizan, 

Drawing for Engineers ^ &c. 

THE WORKMAN'S MANUAL OF ENGINEERING 

DRAWING. By John Maxton, Instructor in Engineering 

Drawing, Royal Naval College, Greenwich, formerly of R. S. N. A., 

South Kensington. Third Edition, carefully revised. With upwards 

of 300 Plates and Diagrams. i2mo, cloth, strongly bound, 4J. 

** A copy of it should be kept for reference in every drawing office." — Engitutring, 
" Indispensable for teachers of engineering drawing."— Jlfif<A«iiftr«' Magaxint, 

Wealds Dictionary of Terms. 

A DICTIONARY of TERMS used m ARCHITECTURE, 
BUILDING, ENGINEERING, MINING, METALLURGY, 
ARCHAEOLOGY, the FINE ARTS, &c. By John Weale. 
Fifth Edition, revised and corrected by Robert Hunt, F.R.S., 
Keeper of Mining Records, Editor of " Ure*s Dictionary of Arts," 
&c. i2mo, cloth boards, 6j. 

" The best small technological dictionary' in the language." — Architect. 

"lliere is no need now to speak of the excellence of this work ; it received the ap- 
proval of the community long ago. Edited now by Mr. Robert Hunt, and published 
in a cheap, handy form, it will b« of the utmost service as a book of reference scarcely 
to be exceeded in value." — Scotsman, 

" The absolute accuracy of a work of this character can only be judged of after 
extensive consultation, and from our examination it appears very correct and very 
complete." — Mining Jonmal. 
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MINING, METALLURGY, ETC. 

« 

Metalliferous Minerals and Mining. 

A TREATISE ON METALLIFEROUS MINERALS AND 

MINING. By D.C. Davies, F.G.S., author of ** A Treatise on 

Slate and Slate Quarrjring." With numerous wood engravings. 

Second Edition, revised. Cr. 8vo. \2s. 6d, cloth, [yust published. 

" Without question, the most exhaustive and the most practically useful work we 

have seen ; the amount of information given is enormous, and it is given concisely 

and intelligibly." — Mining Jourtial, 

*' The volume is one which no student of mineralogy should be without" — Colliery 
Guardtatt. 

''The author has gathered together from all available sources avast amount of 
really useful information. As a history of the present state of mining throughout 
the world this book has a real value, and it supplies an actual want, for no such mfor- 
mation has hitherto been brought together within such limited space." — Athetutum. 

Slate and Slate Qtcarrying. 

A TREATISE ON SLATE AND SLATE QUARRYING, 
Scientific, Practical, and Commercial. By D. C. Davies, F.G.S., 
Mining Engineer, &c. With numerous Illustrations and Folding 
Plates. Second Edition, carefully revised. i2mo, 3J. (xl. cloth boards. 
"Mr. Davies has written a useful and practical hand-book on an important industry, 
with all the conditions and details of which he appears familiar.*' — Engineerttig. 

'* The work is illustrated by actual practice, and is unusually thorough and lucid. 
• . . Mr. Davies has completed his work with industry and skill." — Builder, 

Metallurgy of Iron. 

A TREATISE ON THE METALLURGY OF IRON : con- 
taining Outlines of the History of Iron Manufacture, Methods of 
Assay, and Analyses of Iron Ores, Processes of Manufacture of 
Iron and Steel, &c. By H. Bauerman, F.G.S., Associate of the 
Ro3ral School of Mines. With numerous Illustrations. Fourth 
Edition, revised and much enlarged. i2mo, cloth boards, 5j. 
" Has the merit of brevity and conciseness, as to I^s important points, while all 
material matters are very fully and thoroughly entered mXa*— Standard. 

Mamml of Mining Tools. 

MINING TOOLS. For the use ot Mine Managers, Agents, 
Mining Students, &c. By William Morgans, Lecturer on Prac- 
tied Mining at the Bristol School of Mines. Volume of Text 
l2mo, 3^. With an Atlas of Plates, containing 235 Illustrations. 
4to, dr. Together, Qj. cloth boards. 
" Students in the Science of Mining, and Overmen, Captains, Managers, and 

Viewers may gain practical knowledge and useful hmts by the study of Mr. 

Morgans' i/izsxMal"— Colliery Guardian. 

Minings Surveying and Valuing. 

THE MINERAL SURVEYOR AND VALUER'S COM- 
PLETE GUIDE, comprising a Treatise on Improved Mining 
Surveying, with new Traverse Tables ; and Descriptions of Im- 
proved Instruments ; also an Exposition of the Correct Principles 
of Laying out and Valuing Home and Foreign Iron and Coal 
Mineral Properties. By William Lintern, Mmmg and Civil 
Engineer. With four Plates of Diagrams, Plans, &c., i2mo, 4J. cloth. 
"Contains much valuable information given in a small compass, and which, as far 
as we have tested it, is thoroughly trustworthy.'* — Iron and Coal Trades Review, 

♦^* The above, bound mtb Thoman's Tables. (See page 20.) 
Price 7s. 6^.^cloth. 
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Coal and Coal Mining. 

COAL AND COAL MINING : a Rudimentary Treatise on. By 

Wabington W. Smyth, M.A., F.R.S., &c., Chief Inspector 

of the Mines of the Crown. New edition, revised and corrected. 

i2mo, with numerous Illustrations, 41. doth boards. 

" Every portion of the volume appears to have been prepared with much care, and 

as an outlme is given of every known coal-field in this and other coundries, as well as 

of the two principal methods of working, the book will doubtless interest a very 

large number of readers." — Mining Journal, 

Underground Pumping Machinery. 

MINE DRAINAGE ; being a Complete and Practical Treatise 
on Direct-Acting Underground Steam Pumping Machinery, with 
a Description of a large number of the best known Engines, their 
General Utility and the Special Sphere of their Action, the Mode 
of their Application, and their merits compared with other forms 
of Pumping Machinery. By Stephen Michell, Joint-Author 
of " The Cornish System of Mine Drainage." 8vo. \ln the press. 



NAVAL ARCHITECTURE, NAVIGATION, ETC. 

f— 

Pocket Book for Naval Architects & Shipbuilders. 

THE NAVAL ARCHITECTS AND SHIPBUILDER'S 
POCKET BOOK OF FORMULiE, RULES, AND TABLES 
AND MARINE ENGINEER'S AND SURVEYOR'S HANDY 
BOOK OF REFERENCE. By Clement Mackrow, Naval 
Draughtsman, Associate of the Institution of Naval Architects. 
With numerous Diagrams, &c Fcap., strongly bound in leather, 
with elastic strap for pocket, \2s, 6d, 
" Should be used by all who are engaged in the construction or design of vessels." 
— Eiieineer. 

** There is scarcely a subject on which a naval architect or shipbuilder can require 
to refresh his memory which will not be found within the covers of Mr. Mackrow's 
book." — English Mechanic. 

" Mr. Mackrow has compressed an extraordinary amount of information into this 
useful volume." — Athenannt. 

Grantham s Iron Ship-Building. 

ON IRON SHIP-BUILDING ; with Practical Examples and 
Details. Fifth Edition. Imp. 4to, boards, enlarged from 24 to 40 
Plates (21 quite new), including the latest Examples. Together 
with separate Text, also considerably enlarged, i2mo, cloth limp. 
By John Grantham, M. Inst. C.E., &c 2/. 2j. complete. 

*' Mr. Grantham's work is of great interest. It will, we are confident, command an 
extensive circulation among shipbuilders in general. By order of the Board of Admi- 
ralty, the work will form the text-book on which the examination in iron ship-building 
of candidates for promotion in the dockyards will be mainly based." — Engineering, 

Pocket-Book for Marine Engineers. 

A POCKET-BOOK OF USEFUL TABLES AND FOR- 
MULAE FOR MARINE ENGINEERS. By Frank Proctor, 
A. I.N. A. Second Edition, revised and enlarged. Royal 32mo, 
leather, gilt edges, with strap, 49. 
"A most useful companion to all marine engineers." — United Service Gazette. 
" Scarcely anything required by a naval engineer appeals to VkSN^ \3>^^tv Vst- 
gotten." — Iron. 
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Light-Houses. 

EUROPEAN LIGHT-HOUSE SYSTEMS ; being a Report of 
a Tour of Inspection made in 1873. By Major George H. 
Elliot, Corps of Engineers, U.S.A. Illustrated by 51 En- 
gravings and 31 Woodcuts in the Text. 8vo, 21J. cloth. 

Surveying (Land and Marine). 

LAND AND MARINE SURVEYING, in Reference to the 
Preparation of Plans for Roads and Railways, Canals, Riven>, 
Towns' Water Supplies, Docks and Harbours ; with Description 
and Use of Surveyir^S Instruments. By W. Davis Haskoll, C. E. 
With 14 folding Plates, and numerous Woodcuts. 8vo, I2j. dd. cloth. 

"A most useful and well arranged book for the aid of a student" — Builder. 

'* Of the utmost practical utility, and may be safely recommended to all students 
who aspire to become clean and expert surveyors,"— Mmin£ yaumal. 

Storms. 

STORMS : their Nature, Classification, and Laws, with the 
Means of Predicting them by their Embodiments, the Clouds. 
By William Blasius. Cro^nTi 8vo, loj.. 6d. cloth boards. 

Rudimentary Navigation. 

THE SAILOR'S SEA-BOOK: a Rudimentary Treatise on Navi- 
gation. By James Greenwood, B. A. New and enlarged edition. 
By W. H. RossER. i2mo, 3J. cloth boards. 

Mathematical and Nautical Tables. 

MATHEMATICAL TABLES, for Trigonometrical, Astronomical, 
and Nautical Calculations ; to which is prefixed a Treatise on 
Logarithms. By Henry Law, C. E. Together with a Series of 
Tables for Navigation and Nautical Astronomy. By J. R. 
Young, formerly Professor of Mathematics in Belfast College. 
New Edition. i2mo, 4J. cloth boards. 

Navigation {Practical)^ with Tables. 

PRACTICAL NAVIGATION : consisting of the Sailor's Sea- 
Book, by James Greenwood and W. H. Rosser ; together 
with the requisite Mathematical and Nautical Tables for the Work- 
ing of the Problems. By Henry Law, C.E., and Professor 
J. R. Young. Illustrated with numerous Wood Engravings and 
Coloured Plates. i2mo, ^s, strongly half bound in leather. 



WEALE'S RUDIMENTARY SERIES. 

The followitig books in Naval Architecture^ etc., are published in the 

above series. 

MASTING, MAST-MAKING, AND RIGGING OF SHIPS. By 

Robert Kipping, N.A. Fourteenth Edition. i2mo, 2s. 6d. cloth. 
SAILS AND SAIL-MAKING. Tenth Edition, enlarged. By Robert 

Kipping, N.A. Illustrated. i2mo, 3J. cloth boards. 
NAVAL ARCHITECTURE. By James Peake. Fourth Edition, 

with Plates and Diagrams. i2mo, 4?. cloth boards. 
MARmE ENGINES, AND STEAM VESSELS. By Robert 

Murray, C.E. SevenlYv ILdV^Xoiv. \2mo, v* ^^ ^^Qth boards. 
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ARCHITECTURE, BUILDING, ETC. 
Construction. — ^— 

THE SCIENCE of BUILDING : An Elementary Treatise cm 
the Principles of Construction. B^ E. Wyndham Tarn, M. A., 
Architect. With 47 Wood Engravings. Demy 8vo. &r. ddf. doth. 

*' A very valuable hook, which we strongly recommend to all students.**— i^wftUrr. 

'* No architectural student should be wi&out this hand-book." — ArcfUtiei, 

Villa Architecture. 

A HANDY BOOK of VILLA ARCHITECTURE ; bdnff a 
Series of Designs for Villa Residences in various Styles. With 
Detailed Specihcations and Estimates. By C. WiCKES, Architect, 
Author of "TheSpiresand Towcrsof the Mediaeval Churches of Eng- 
land/' &c. 31 Plates, 4to, half morocco, gilt edges, l/. i^. 
♦»* Also an Enlarged edition of the above. 61 Plates, with Detailed 

Specifications, Estimates, &c. 2/. Zf. half morocco. 
" The whole of the designs bear evidence of their beinff the work of an artistic 
architect, and they will prove very valuable and suggestive. — BuUdmg; Ntwt, 

Useful Text-Book for Architects. 

THE ARCHITECTS GUIDE : Bemg a Text-book of Useful 
Information for Architects, Engineers, Surveyors, Contractors, 
Clerks of Works, &&, &c. By FREDEiaCK Rogers, Architect, 
Author of ** Specifications for Practical Architecture," &c. With 
numerous Illustrations. Crown 8vo, dr. doth. 
"Asa text-book of useful informadon for architects, engineers, surveyors, &C., it 
would be hard to find a handier or more complete litUe vxAyxm^^^— Standard. 

Taylor and Cresys Rome. 

THE ARCHITECTURAL ANTIQUITIES OF ROME. By 
the late G. L. Taylor, Esq., F.S.A., and Edward Cresy, Esq. 
New Edition, thoroughly revised, and supplemented under the 
editorial care of the Rev. Alexander Taylor, M.A. (son of 
the late G. L. Taylor, Esq.), Chaplain of Gray*s Inn. This is 
the only book which gives on a large scale, and with the precision 
of architectural measurement, the principal Monuments of Ancient 
Rome in plan, elevation, and detad. Large folio, with 130 Plates, 
half-bound, 3/. 3J. 
*«* Originally published in two volumes, folto, at 18/. iS/. 

Vitruvius^ Architecture. 

THE ARCHITECTURE OF MARCUS VITRUVIUS 
POLLIO. Translated by Joseph Gwilt, F.S.A., F.R.A.S. 
Numerous Plates. i2mo, cloth limp. 5j. 

The Young Architect's Book. 

HINTS TO YOUNG ARCHITECTS. By George Wight- 
WICK, Architect. New Edition, revised and enlarged. By G. 
HusKissoN Guillaume, Architect. i2mo, cloth boards, 4f. 
" Will be found an acquisition to pupils, and a copy ought to be considered as 
necessary a purchase as a box of instruments." — Architect. 

** A large amount of information, which young architects will do well to acquire, if 
they wish to succeed in the everyday work of their ^^roftssion^—EMg^tisAMecAantc, 

Drawing for Builders and Students. 

PRACTICAL RULES ON DRAWING for the OPERATIVE 
BUILDER and YOUNG STUDENT m ARCHITEGTUBX* 
By George Pvne. With i^Plales, ^Vo^ns*^d.\«»x^ 
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The House-Owner's Estimator. 

THE HOUSE-OWNER'S ESTIMATOR ; or, What wUl it 
Cost to Build, Alter, or Repair? A Price-Book adapted to the 
Use of Unprofessional People as well as for the Architectural 
Surveyor and Builder. By the late James D. Simon, A.R.I.B. A. 
Edited and Revised by Francis T. W. Miller, Surveyor. With 
numerous Illustrations. Second Edition, with the prices carefully 
corrected to present time. Crown 8vo, doth, 3/. dd, 

" In two years it will repay its cost a hundred times over." — Field. 

** A very handy book for those who want to know what a house will cost to build, 
alter, or repair.*' — English Mechanic, 

Boiler and Factory Chimneys. 

BOILER AND FACTORY CHIMNEYS ; their Draught-power 
and Stability, with a chapter on Lightning Conductors. By ROBERT 
Wilson, C.E., Author of "Treatise on Steam Boilers," &c., &c 
Crown 8vo, 35. dd. cloth. 

Civil and Ecclesiastical Building. 

A BOOK ON BUILDING, CIVIL AND ECCLESIASTICAL, 
Including Church Restoration. By Sir Edmund Beckett, 
Bart., LL.D., Q.C., F.R.A,S., Chancellor and Vicar-General 
of York. Author of " Clocks and Watches and Bells," &c 
Second Edition, i2mo, $s. cloth boards. 
*' A book which is always amusing and nearly always instructive. Sir E. Beckett 

will be read for the raciness of his style. We are able very cordially to reoMnmend 

all persons to read it for themselves. The style throughout is in the highest d^ree 

condensed and epigrammatic."— TtV/M'x. 

'* We commend the book to the thoughtful consideration of all who are interested 

in the building 9Xt.**— Builder, 

Architecture^ Ancient and Modern. 

RUDIMENTARY ARCHITECTURE, Ancient and Modem. 
Consisting of VITRUVIUS, translated by Joseph Gwilt, 
F.S.A., &c., with 23 fine copper plates; GRECIAN Archi- 
tecture, by the Earl of Aberdeen ; the ORDERS of 
Architecture, by W. H. Leeds, Esq.; The STYLES of Archi- 
tecture of Various Countries, by T. Talbot Bury; The 
PRINCIPLES of DESIGN in Architecture, by E. L. Garbett. 
In one volume, half-bound (pp. 1,100), copiously illustrated, I2j« 
♦^* Sold separately^ in two vols,, as follows — 

ANCIENT ARCHITECTURE. Containing Gwilt's Vitruvius 
and Aberdeen's Grecian Architecture. Price ox. half -bound. 

N.B.— 7%/> is the only edition of VITRUVIUS procurable ai a 
moderate price, 

MODERN ARCHITECTURE. Containing the Orders, by Leeds ; 
The Styles, by Bury ; and Design, by Garbett dr. half-boond. 

House Painting. 

HOUSE PAINTING, GRAINING, MARBLING, AND 
SIGN WRITING : a Practical Manual of. With 9 Coloured 
Plates of Woods and Marbles, and nearly 150 Wood Engravings. 
By Ellis A, Davidson, Author of ''Buildrng Construction," &c. 
Second Edition, careMly revised. i2mo, dr. cloth boards. 
'*' Contains a mass of information of vuse \.o x)\« QitnaXftMT ^wd. ckC v^lue to the practical 
/nan. " — English Mechanic, 
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Plumbing. 

PLUMBING ; aText-book to the Practice of the Art or Craft of the 
Plumber. With chapters upon House-drainage^ embodying the 
latest Improvements. By W. P. Buchan, Sanitary Engineer. 
Second Edition, enlarged, with 300 illustrations, i2mo. 4f. cloth. 
" The chapters on house-drainage may be usefully consulted, not only by plumbers, 
but also by engineers and all engaged or interested in house-buildbg. — Iron. 

Handbook of Specifications. 

THE HANDBOOK OF SPECIFICATIONS; or, Practical 
Guide to the Architect, Engineer, Surveyor, and Builder, in drawing 
up Specifications and Contracts for Works and Constructions. 
Illustrated by Precedents of Buildings actually executed by eminent 
Architects and Engineers. By Professor Thomas L. Donald- 
son, M.I.B.A. New Edition, in One large volume, 8vo, with 
upwards of 1000 pages of text, and 33 Plates, cloth, i/. lu. dd. 
" In this work forty-four specifications of executed works are given. . . . Donald- 
son's Handbook of Specifications must be bought by all architects."— ^mzVIe^. 

Specifications for Practical Architecture. 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE : 
A Guide to the Architect, Engineer, Surveyor, and Builder ; with 
an Essay on the Structure and Science of Modem Buildings. By 
Frederick Rogers, Architect. 8vo, 15J. cloth. 

%* A volume of specifications of a practical character being greatly required, and the 
old standard work of Alfred Bartholomew bemg out of print, the author, on the basis 
of that work, has produced the above. — Extract from Preface, 

Designing, Measuring^ and Valuing. 

THE STUDENTS GUIDE to the PRACTICE of MEA- 
SURING and VALUING ARTIFICERS' WORKS; contaming 
Directions for taking Dimensions, Abstractii^ the same, and bringing 
the Quantities into Bill, with Tables of Constants, and copious 
Memoranda for the Valuation of Labour and Materials in the re- 
spective Trades of Bricklayer and Slater, Carpenter and Joiner, 
Painter and Glazier, Paperhanger, &c. With 43 Plates and Wood- 
cuts. Origuially edited by Edward Dobson, Architect. New 
Edition, re-written, with Additions on Mensuration and Construc- 
tion, and useful Tables for facilitating Calculations and Measure- 
ments. By E. Wyndham Tarn, M. A., 8vo, \os, 6d, cloth. 

** Well fulfils the promise of its title-page. Mr. Tarn's additions and revisions have 
much increased the usefulness of the 'Wf^c"— 'Engineering, 

Beaton* s Pocket Estimator. 

THE POCKET ESTIMATOR FOR THE BUILDING 
TRADES, being an easy method of estimating the various parts 
of a Building collectively, more especially appUed to Carpenters' 
and Joiners* work, priced according to the present value of material 
and labour. By A. C. Beaton, Author of ** Quantities and 
Measurements.** Second Edition. Waistcoat-pocket size, is, 6d, 

Beaton^s Builders* and Surveyors Technical Guide. 

THE POCKET TECHNICAL GUIDE AND MEASURER 
FOR BUILDERS AND SURVEYORS: containing a Complete 
Explanation of the Terms used in Building Construction, Memo- 
randa for Reference, Technical Directions for Measuring Work in 
all the Building Trades, &c. By A. C. Ba^.TO^» ^^^aoa^ ^^^ifiw. 
Waistcoat-pocket size. u. dd. 
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Builder's and Contractors Price Book. 

LOCKWOOD & CO.'S BUILDER'S AND CONTRACTOR'S 
PRICE BOOK for 1880, containing the latest prices of all kinds 
of Builders* Materials and Labour, and of aU Trades connected 
with Building, &c., &c. The whole revised and ^ted by 
F. T. W. Miller, Architect and Surveyor. . Fcap. hsdf-bound, 4r. 



CARPENTRY, TIMBER, ETC. 

» ■ 

TredgoUTs Carpentry, new and cheaper Edition. 

THE ELEMENTARY PRINCIPLES OF CARPENTRY : 

a Treatise on the Pressure and Equilibrium of Timber Framing, liie 
Resistance of Timber, and the Construction of Floors, Arches, 
Bridges, R00&, Uniting Iron and Stone with Timber, &c To w%d(£ 
is added an Essay on the Nature and Properties of Timber, &c.y 
with Descriptions of the Kinds of Wood used in Building ; also 
numerous Tables of the Scantlings of Timber for different purposes, 
the Specific Gravities of Materi^, &c. By Thomas Trkdgold, 
C.E. Edited by Peter Barlow, F.R.S. Fifth Edition, cor- 
rected and enlaxged. With 64 Plates (l I of which now first appear 
in this edition), Portrait of the Author, and several Woodcuts. Li 
I vol., 4to, published at 2/. 2j., reduced to i/. 5x. doth. 
" Ought to be in every architect's and every builder's libnuy. and those iriio 
do not ^eady possess it ought to avail themselves of the new issue.— ^»ftU!«r. 

"A work wlu>se monumental excellence must commend it wherever ddlful car^ 
|)entry is concerned. The Author's principles are rather ctmfirmed than inq^aired by 
time. The additional plates are of great intrinsic \^\xt,**-'BuildiMg Nitwt, 

Grandy's Timber Tables. 

THE TIMBER IMPORTER'S, TIMBER MERCHANTS, 

and BUILDER'S STANDARD GUIDE. By Richard E. 

Grandy. Comprising : — An Analysis of Deal Standards, Home 

and Foreign, wim comparative Values and Tabidar Arrangements 

for Fixing Nett Landed Cost on Baltic and North American Dads, 

including all intermediate Expenses, Freight, Insurance, &c.y &c ; 

together with Copious Information for the Retailer and Builder. 

2nd Edition. Carefully revised and corrected. i2mo, 3^. dd. doth. 

" Everything it pretends to be : built up graduaHy, it leads one from a forest to a 

treenail, and throws in, as a makeweight, a host of material concerning bricks, columns, 

cisterns, &c. — all that the class to whom it appeals requires.**— J^nj^/uA Mechanic, 

Timber Freight Book. 

THE TIMBER IMPORTERS' AND SHIPOWNERS* 
FREIGHT BOOK : Being a Comprehensive Series of Tables for 
the Use of Timber Importers, Captains of Ships, Shipbrokers, 
Builders, and all Dealers in Wood whatsoever. By William 
Richardson, Timber Broker. Crown 8vo, 6x. cloth. 

Tables for Packing-Case Makers. 

PACKING-CASE TABLES ; showing the number of Superficial 
Feet in Boxes or Packing-Cases, from six inches square and 
upwards. Compiled by William Richardson, Accountant. 
Second. Edition. Oblong 4.to, y. td. cloth. 

"Will save much labour and caAcu\a.l\oTi to "pax^tw^-caAft ToaSMnvxid those who us« 
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Hortoris Measurer. 

THE COMPLETE MEASURER ; setting forth the Measure- 
ment of Boards, Glass, &c. ; Unequal-sided, Square-sided, Oc- 
tagonal-sided, Round Timber and Stone, and Standing Timber. 
With just allowances for the bark in the respective species of 
trees, and proper deductions for the waste in hewing the trees, 
&c. ; also a Table showing the solidity of hewn or eight-sided 
timber, or of any octagonal-sided column. By Richard Horton. 
Third edition, with considerable and valuable additions, i2mo, 
strongly bound in leather, 51. 

Horton s Underwood and Woodland Tubles. 

TABLES FOR PLANTING AND VALUING UNDER- 
WOOD AND WOODLAND ; also Lineal, Superficial, Cubical, 
and Decimal Tables, &c. By R. Horton. i2mo, 2j. leather. 

Nicholson* s Carpenter's Guide. 

THE CARPENTER'S NEW GUIDE ; or, BOOK of LINES 
for CARPENTERS : comprismg all the Elementary Principles 
essential for acquiring a knowledge of Carpentry. Founded on the 
late Peter Nichqlson's standard work. A new Edition, revised 
by Arthur Ashpitel, F.S.A., together with Practical Rules on 
Drawing, by George Pyns. With 74 Plates, 4to^ i/. \s. doth. 

Dowsing s Timber Merchant's Companion. 

THE TIMBER MERCHANTS AND BUILDER'S COM- 
PANION ; containing New and Copious Tables of the Reduced 
Weight and Measurement of Deals and Battens, of all sizes, from 
One to a Thousand Pieces, also the relative Price that each size 
bears per Lin^ Foot to any given Price per Petersbuigh Standard 
Hundred, &c., &c. Also a variety of other valuable information. 
By William Dowsing, Timber Merchant. Third Edition, Re- 
vised. Crown 8vo, y, cloth. 
"Everything is as concise and clear as it can possibly be made. There can be no 
doubt that every timber merchant and builder ought to possess W^HtUl Advertiser, 

Practical Timber Merchant. 

THE PRACTICAL TIMBER MERCHANT, being a Guide 
for the use of Building Contractors, Surveyors, Builders, &c., 
comprising useful Tables for all purposes connected with the 
Timber Trade, Essay on the Strength of Timber, Remarks on the 
Growth of Timber, &c. By W. Richardson. Fcap. 8vo, 3J. dd, cl. 

Woodworking Machinery. 

WOODWORKING MACHINERY; its Rise, Progress, and 

Construction. With Hints on the Management of Saw Mills and 

the Economical Conversion of Timber. Illustrated with Examples 

of Recent Designs by leading English, French, and American 

Engineers, By M. Powis Bale, M.I.M.E. Large crown 8vo, 

I2J. (id. cloth. ^ust published. 

" Mr. Bale is evidently an expert on the subject, and he has collected so much 

nformation that his book is all-sufficient for builders and others engaged in the qqw- 

s^x^vatLoivixcAitx.*'— Architect. 

" The most comprehensive compendium of wood-working machinery we have 
seen. The author is a thorough master of his subject." — Buildi$ig[ Neius, 
" It should be in the office of every, wood-working factory ,"-r£ng(i$fi MecKa^uc. 
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MECHANICS. ETC. 
Mechanics Workshop Companion. 

THE OPERATIVE MECHANIC'S WORKSHOP COM- 
PANION, and THE SCIENTIFIC GENTLEMAN'S PRAC- 
TICAL ASSISTANT. By W. Templeton. 12th Edit., with 
Mechanical Tables for Operative Smiths, Millwrights, Engineers, 
&c. ; and an Extensive Table of Powers and Roots, i2mo, 5^. bound. 

" As a text-book in which mechanical and commercial demands are judiciously met, 
Tkmpleton's Companion stands yxany2^<tA.'*—MechMnicsMeigazine. 

** Admirably adapted to the wants of a very lar]^ class. It has met widi gx«at 
success in the engineering workshop, as we can testify ; and there are a great many 
men who. in a great measure, owe their rise in life to this Uttle wod:. * — BuUMn£ News* 

Engineers and Machinisfs Assistant. 

THE ENGINEER'S, MILLWRIGHTS, and MACHINIST'S 
PRACTICAL ASSISTANT ; comprismg a Collection of Useful 
Tables, Rules, and Data. Compiled and Airanged, with Original 
Matter, by Wm. Templeton. 6th Edition. i8mo, 2x. 6</. doth. 
"A more suitable present to an apprentice to any of the mechanical trades could not 
possiUy be made.** — Building liems. 

Superficial Measurement. 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA- 
SUREMENT. Tables calculated from I to 200 inches in length, 
by I to 108 inches in breadth. For the use of Architects, Elngineers, 
Timber Merchants, Builders, &c. By J. Hawkings. Fcp. 3J. 6<f. d. 

The High-Pressure Steam Engine. 

THE HIGH-PRESSURE STEAM ENGINE ; an Expodtion 
of its Comparative Merits, and an Essay towards an Improved 
System of Construction, adapted especially to secure Safety and 
Economy. By Dr. Ernst Alban, Practical Machine Maker, 
Plau, Mecklenberg. Translated from the German, with Notes, by 
Dr. Pole, F.R.S., M.LC.E., &c. With 28 Plates, 8vo, idr. 6<f. d. 

Steam Boilers. 

A TREATISE ON STEAM BOILERS : theur Strength, Con- 
struction, and Economical Working. By R. Wilson, C.E. 
Fifth Edition. i2mo, 6j. doth. 

** The best work on boilers which has come under our xncAci^T'—Ef^^ineering. 

" The best treatise that has ever been published on steam boilers." — Engineer. 

Power in Motion, 

POWER IN :M0TI0N: Horse Power, Toothed \Vheel Gearing, 
Long and Short Driving Bands, Angular Forces, &c. By James 
Armour, C.E. With 73 Diagrams. I2m6, 3^., cloth. 

Mechanics. 

THE HANDBOOK OF MECHANICS. By Dionysius 
Lardner, D.C.L., formerly Professor of Natural Philosophy and 
Astronomy in University College, London. New Edition, Edited 
and considerably Enlarged, by Benjamin Loe\vy, F.R.A,S., &c., 
&c. With 378 Illustrations, post Svo, ds. cloth. 
" The explanations throughout are studiously popular, and care has been taken to 

show the application of the various branches of physics to the industrial arts, and to 

the practical business oCUfc"— MwiniT Jowmal. 
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MATHEMATICS, TABLES, ETC, 

# 

Gregory's Practical Mathematics. 

MATHEMATICS for PRACTICAL MEN ; being a Common, 
place Book of Pure and Mixed Mathematics. Designed chiefly 
for the Use of Civil Engineers, Architects, and Surveyors. Part I. 
Pure Mathematics— comprising Arithmetic, Algebra, Geometry, 
Mensuration, Trigonometry, Conic Sections, Properties of Curves. 
Part II. Mixed Mathematics — comprising Mechanics in general. 
Statics, Dynamics, Hydrostatics, Hydrodynamics, Pneumatics, 
Mechanical Agents, Strength of Matenals. With an Appendix of 
copious Logarithmic and other Tables. By Olinthus Gregory, 
LL. D. , F.R. A. S. Enlarged by Henry Law, C. E. 4th Edition, 
carefully revised and corrected by J. R. Young, formerly Profes- 
sor of Mathematics, Belfast ColL With 13 Plates. 8vo, i/. u. cloth. 
" The engineer or architect will here find ready to his hand^^les for solving nearly 

every mathematical difficulty that may arise in his practice. The rules are in all cases 

explained by means of examples clearly worked out" — Builder. 
" One of the most serviceable books for practical mechanics. . . . " — BuUditq^ News, 

The Metric System. 

A SERIES OF METRIC TABLES, hi which the British 
Standard Measures and Weights are compared with those of the 
Metric System at present in use on the Continent. By C. H. 
DowLiNG, C.E. 2nd Edit., revised and enlarged. 8vo, lOf. td. cl. 
" Their accuracy has been certified by Prof. Airy, Astnmomer-RoyaL**— ^»<7(/(rr. 

Inwood's Tables, greatly enlarged and improved. 

TABLES FOR THE PURCHASING of ESTATES, Freehold, 
Copyhold, or Leasehold; Annuities, Advowsons, &c., and for the 
Renewing of Leases held under Cathedral Churches Colleges, or 
other corporate bodies ; for Terms of Years certain, and for Lives ; 
also for Valuing Reversionary Estates, Deferred Annuities, Next 
Presentations, &c, together with Smart's Five Tables of Compound 
Interest, and an Extension of the same to Lower and Intermediate 
Rates. By William Inwood, Architect. The 21st edition, with 
considerable additions, and new and valuable Tables of Logarithms 
for the more Difficult Computations of the Interest of Money, Dis- 
count, Annuities, &c., by M. F6dor Thoman^ of the Soci^t^ 
Credit Mobilier of Paris. i2mo, %s, cloth. 
" Those interested in the purchase and sale of estates, and hi the adjustment of 

compensation cases, as well as in transactions in annuities, life iosiurances, &c., will 

find the present edition of eminent ^KrAc^^^-^Engineering. 

Geometry for the Architect , Engineer^ &c. 

PRACTICAL GEOMETRY, for the Architect, Engineer, and 
Mechanic ; giving Rtdes for the Delineation and Application of 
various Geometrical Lines, Figures and Curves. By E. W. Tarn, 
M.A., Architect, Author of "The Science of Building," &c. 
With 164 Illustrations. Demy 8vo. \2s, 6d, cloth. 

MatJtematical Instruments. 

MATHEMATICAL INSTRUMENTS: Their Construction, 
Adjustment, Testing, and Use ; comprising Drawing, Measuring, 
Optical, Surveying, and Astronomical Instruments. By J. F. 
Heather, M.A. Enlarged Edition, for iVvt mo?X v^xV. «cv>:\\^ 
rQ-written. Numerous Woodcuts. i2rcvo, ^s. d.o>i)ft.. 
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Compound Interest and Annuities. 

THEORY of COMPOUND INTEREST and ANNUITIES ; 
with Tables of Logarithms for the more Difficult Compatations of 
Interest, Discount, Annuities, &c., in all their Applications and 
Uses for Mercantile and State Purposes. By FftDOR Thoman, 
of the Soci^t^ Cr^t Mobilier, Paris. 3rd Edit., i2mo, 4;. 6^. d. 
*' A very powerful work, and the Author has a very remarkable command of his 
subject.'*— /'re^xi»ryl. tie Morgan, 

Iron and Metal Trades^ Calculator. 

THE IRON AND METAL TRADES' COMPANION: 
Being a Calculator containing a Series of Tables upon a new and 
comprehensive plan for expeditiously ascertaining the value of any 
goods bought or sold by weight, from \s, per cwt. to Ii2j. per 
cwt., and from one farthing per lb. to u. per lb. Each Table ex- 
tends from one lb. to 100 tons. ByT. Downie. 396 pp., 9J., leather. 
" A most useful set of tables, and will supply a want, for nothing like them before 
existed." — Building News. 

Iron and Steel. 

'IRON AND STEEL': a Work for the Forge, Foundry, 
Factory, and Office. Containing Information for Ironmasters and 
their Stocktakers ; Managers of Bar,^Rail, Plate, and Sheet Rolling 
Mills ; Iron and Metal Founders ; Iron Ship and Bridge Builders ; 
Mechanical, Mining, and Consulting Engineers ; Architects, Builders, 
&c. By Charles Hoare, Author of *The Slide Rule,' &c. Eighth 
Edition. With folding Scales of "Foreign Measures compared 
with the Enghsh Foot,'' and ** fixed Scales of Squares, Cubes, 
and Roots, Areas, Decimal Equivalents, &c." Oblong, 33mo, dr., 
leather, elastic-band. 
" For comprehensiveness the book has not its equal." — Iron. 

Comprehensive Weight Calculator. 

THE WEIGHT CALCULATOR; being a Series of Tables 
upon a New and Comprehensive Plan, exhibiting at one Reference 
the exact Value of any Weight from lib. to 15 tons, at 300 Pro- 
gressive Rates, from I Penny to 168 Shillings per cwt., and con- 
taining 186,000 Direct Answers, which, with their Combinations, 
consisting of a single addition (mostly to be performed at sight), 
will aflford an aggregate of 10,266,000 Answers ; the whole ^ing 
calculated and designed to ensure Correctness and promote 
Despatch. By Henry Harben, Accountant, Shefheld. New 
Edition. Royal 8vo, l/. 5j., strongly half-bound. 

Comprehensive Discount Guide. 

THE DISCOUNT GUIDE : comprising several Series of Tables 
for the use of Merchants, Manufacturers, Ironmongers, and others, 
by which may be ascertained the exact profit arising from any mode 
of using Discounts, either in the Purchase or Sale of Goods, and 
the method of either Altering a Rate of Discount, or Advancing a 
Price, so as to produce, by one operation, a sum that will realise 
any required profit after allowing one or more Discounts : to whidi 
are added Tables of Profit or Advance from i J to 90 per cent. 
Tables of Discoimt from i J to 98I per cent., and Tables of Commis- 
sion, &c., from \ to 10 pet ceivl. B^ Henry Harben, Accountant. 
?^ew Edition, Demy &NO. t^ V-»'^'^'^^-^^'^'^^» 
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SCIENCE AND ART. 
Dentistry. — * — 

MECHANICAL DENTISTRY. A Practical Treatise on the 
Construction of the various kinds of Artificial Dentures. Com- 
prising also Useful Formulae, Tables, and Receipts for Gold 
Plate, Clasps, Solders, etc., etc. By Charles Hunter. With 
Bumerous Wood Engravings. Crown 8vo, 7j. dd. Cloth. 
"The work is very practical." — Monthly Review of Dental Surgery. 

"An authoritative treatise We can strongly recommend Mr. Hunter's 

treatise to all students preparini? for the profession otdentistry, as well as to every 
mechanical dentist. ^^—Duolin Journal qf Medical Science. 

"The best book on the subject with which we are acquainted." — Medical Prest 
and Circular. 

Brewing. 

A HANDBOOK FOR YOUNG BREWERS. By Herbert 
Edwards Wright, B.A. Crown 8vo, 3j. hd» cloth. 

" A thoroughly scientific treatise in popular language. It is evident that the 
author has mastered his subject in its scientific aspects." — Momit^ Advertiser. 

** We would particularly recommend teachers of the art to place it in every pupil's 
hands, and we feel sure its perusal will be attended with advantage." — Brewer. 

Gold and Gold-Working. 

THE PRACTICAL GOLD- WORKER; or. The Goldsmith's 
and Jeweller's Instructor. The Art of Alloying, Melting, Re- 
ducing, Colouring, Collecting and Refining. The processes of 
Manipulation, Recovery of Waste, Chemical and Physical Pro- 
perties of Gold, with a new System of Mixing its Alloys ; Solders, 
Enamels, and other useful Rules and Recipes, &c. By George 
E. Gee. Crown 8vo, yj. (yd. cloth. 
"A good, sound, technical educator, and will be generally accepted as an 
authority. It gives full particulars for mixing alloys and enamels, is essentially a book 
for the workshop, and exactly fulfils the f)urpose intended." — Horological youmal. 
" The best work yet printed on its subject for a reasonable price. We have no 
doubt that it vrill speedily become a standard book which few will care to b« with- 
out." — Jeweller and Metalworker. 

" We consider that the trade owes not a little to Mr. Gee, who has in two volumes 
compressed almost the whole of its literature, and we doubt n >t that many a young 
beginner will owe a part of his future success to a diligent study of the pages which 
are peculiarly well adapted to his use." — Clerkenwell Press. 

" It is essentially a practical manual, intended primarily for the use of working 
jewellers, but is well adapted to the wants of amateurs and apprentices, containing, 
as it does, trustworthy information that only a practical man can supply." — English 
Mechanic. 

Silver and Silver Working. 

THE SILVERSMITH'S HANDBOOK, containing full In- 
structions for the Alloying and Working of Silver, including the 
different modes of refining and melting the metal, its solders, the 
preparation of imitation alloys, methods of manipulation, preven- 
tion of waste, instructions for improving and finishing the surface 
of the work, together with other useful information and memoranda. 
By Gfx)RGE E. Gee, Jeweller, &c. Crown 8vo, *js. (>d. cloth. 
" This work is destined to take up as good a position in technical literature as the 
Practical Goldworker^ a book which has passed through the ordeal of critical ex- 
amination and business tests with great success." — Jeweller and Metalworker. 

'* The chief merit of the work is its practical character. . . . The workers in 
the trade will speedily discover its merits when they sit down to study li."— English 
Mechanic. 

"This work forms a valuable sequel to the author's Practical Goldivorkery and 
supplies a want long felt in the silver trade." — SilversmitHs Trade *Joiimal. 
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Electric Lighting. 

ELECTRIC LIGHT : Its Production and Use, embodying plain 

Directions for the Working of Galvanic Batteries, Electric Lamps, 

and Dynamo-Electric Machines. By J. W. Urquhart, C. E., 

Author of ** Electroplating: a Practical Handbook." Edited by 

F. C. Webb, M.LC.E., M.S.T.E., With 94 Illustrations. 

CrowTi 8vo, 7j. dd. cloth. \y*^st publisfud, 

" It is the only work at present available, which gives in language intelligible for 

the most part to the ordinary reader, a general but concise history of tbe means 

which have been adopted up to the present time in producing the electric light."— 

Metropolitan. 

" Au important addition to the literature of the electric light. Students of the 
subject should not fail to read it" — Colliery Guardian. 

" As a popular and practical treatise on the subject, the volume may be thoroughly 
recommended." — Bristol Mercury. 

E lectrotypingy. etc. 

ELECTROPLATING: A Practical Handbook, including the 
Practice of Electrotyping. By J. W. Urquhart, C.E. With 
numerous Illustrations. Crown 8vo, 5^. cloth. 
"The volume is without a rival in its particular sphere, and the lucid style in 
which it is written commends it to those amateurs and experimental electro t3rp<rs 
who have but slight, if any, knowledge of the processes of the art to which they turn 
their attention.*'— Z>^«^;/ and Work. 
** A large amount of thoroughly practical information." — Telegraphic Journal, 
"An excellent practical raanuvil. — Engineering. 

" The information given appears to be based on direct personal knowledge. . . . 
Its science is sound, and the style is always c\eaa.'* —Atheneeum.^ 

"Any ordinarily intelligent person may become an adept in electro-deposition 
with a very little science indeed, and this is the book to show him or her the way." 
— Builder. 

The Military Sciences. 

AIDE-MEMOIRE to the MILITARY SCIENCES. Framed 
from Contributions of Officers and others connected with the dif- 
ferent Services. Originally edited by a Committee of the Corps of 
Royal Engineers. Second Edition, most carefully revised by an 
Officer of the Corps, with many additions ; containing nearly 350 
Engravings and many hundred Woodcuts. 3 vols* royal 8vo, extra 
cloth boards, and lettered, 4/. lOr. 
*' A compendious encyclopaedia of military knowledgje.**— iST^/Mt^nff^A Review, 
** The most comprehensive work of reference to the military and collateral sciences." 
—Volunteer Service Gazette, 

Field Fortification. 

A TREATISE on FIELD FORTIFICATION, the ATTACK 
of FORTRESSES, MILITARY MINING, and RECON- 
NOITRING. By Colonel I. S. Macaulay, late Professor of 
Fortification in the R. M. A., Woolwich. Sixth Edition, crown 
8vo, cloth, with separate Atlas of 12 Plates, 12^. complete. 

Dye- Wares and Colours. 

THE MANUAL of COLOURS and DYE- WARES : their 
Properties, Applications, Valuation, Impurities, and Sophistications. 
For the Use of Dyers, Printers, DrysaJters, Brokers, &c By J. 
W, Slater. Post 8vo, is. 6d, cloth. 

"A complete encyclopaedia of the materia tinctoria. The information is full 
and precise, and die methods of deleniunms the value of articles liable to sophistica- 
tion, are practical as well as valuabW— CK«mist and Dniggi^^. 
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The Alkali Trade — Sulphuric Acidy etc. 

A MANUAL OF THE ALKALI TRADE, including the 
Manufacture of Sulphuric Acid, Sulphate of Soda, and Bleaching 
Powder. By John Lomas, Alkali Manufacturer, Newcastle-upon- 
Tyne and London. With 232 Illustrations and Working Draw- 
ings, and containing 386 pages of text. Super-royal 8vo, 
2/ 1 2 J. 6d. cloth. [Just published. 

This work provides (i) a Complete Handbook for intending Alkali and Sulphuric 
Acid Manufacturers^ and for these already in the field who desire to improi'e their 
plant f or to become practically acquainted with the latest processes and developments 
of the trade ; (2) a Handy Volume which Manufacturers can put into the hands oj 
their Managers and Foremen as a useful guide in their daily rounds of duty. 

Synopsis of Contents. 



Chap. I. Choice of Site 'and General 
Plan of Works — II. Sulphuric Acid— 
III. Recovery of the Nitrogen Com- 
pounds, and Treatment of Small Pyrites 
—IV. The Salt Cake Process— V. Legis- 
lation upon thejNoxious Vapours Ques- 
tion — Vl. The Hargreaves' and Jones' 
IVocesses — ^VII. The Balling Process— 
VIII. Lixiviation and Salting Down— 



IX. Carbonating or Finishing — X. Soda 
Crystals — XI. Refined Alkali— XII. 
Causcic Soda — XIII. Bi-carbonate of 
Soda — XIV. Bleaching Powder— XV. 
Utilisation of Tank Waste— XVI. General 
Remarks — Four Appendices, treating of 
Yields, Sulphuric Acid Calculations, Ane- 
mometers, and Foreign Legislation upon 
the Noxious Vapours Question. 



"The author has given the fullest, most practical, and, to all concerned in the 
alkali trade, most valuable mass of information that, to our knowledge, has been 
published in any language." — Engitieer, 

'* This book is written by a manufacturer for manufacturers. The working details 
of the most approved forms of apparatus are given, and these are accompanied by 
no less than 232 wood engravings, all of which may be used for the purposes of con- 
struction. Every step in the manufacture is very fully described in this manual, and 
each improvement explained. Everything which tends to introduce economy into 
the technical details ot this trade receives the fullest attention. The book has been 
produced with g^reat completeness." — Athenarum. 

** The author is not one of those clever compilers who, on short notice, will * read 
up' any conceivable subject, but a practical man in the best sense of the word. We 
find here not merely a sound and luminous explanation of the chemical principles of 
the trade, but a notice of numerous matters which^ have a most important bearing 
on the successful conduct of alkali works, but which are generally overlooked by 
even the most experienced technological authors. This most valuable book, which 
we trust will be generally appreciated, we must pronounce a credit alike to its author 
and to the enterprising firm who have undertaken its publication." — Chemical 
Review. 

Chemical Analysis. 

THE COMMERCIAL HANDBOOK of CHEMICAL ANA- 
LYSIS ; or Practical Instructions for the determination of the In- 
trinsic or Commercial Value of Substances used in Manufactures, 
in Trades, and in the Arts. By A. Normandy, Author of " Prac- 
tical Introduction to Rose's Chemistry," and Editor of Rose's 
"Treatise on Chemical Analysis." New Edition. Enlarged, and 
to a great extent re-written, by Henry M. Noad, Ph. D., F.R.S. 
With numerous Illustrations. Cr. 8vo, 12^. dd. cloth. 

"We recommend this book to the careful perusal of every one ; it may be truly 
affirmed to be of universal interest, and we strongly recommend it to our readers as a 
guide, alike indispensable to the housewife as to the pharmaceutical practitioner."— 
Medtcal Times. 

** Essential to die analysts appointed under the new Act. The most recent results 
are given, and the work is well edited and carefully written." — Nature^ 
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Dr. Lardner^s Museum of Science and Art. 

THE MUSEUM OF SCIENCE AND ART. Edited by 
DiONYSius Lardner, D.C.L., fonnerly Professor of Natural Phi- 
losophy and Astronomy in University College, London. With up- 
wards of I2cx> Engravings on Wood. In 6 Double Volumes. 
Price £\ is., in a new and elegant cloth binding, or handsomely 
bound in half morocco, 31J. 6d. 

OPINIONS OF THE PRESS. 

*' This series, besides affording popular but sound instruction on scientific subjects, 
with which the humblest man in the country ought to be acquainted, also undertakes 
that teaching of common things' which every well-wisher of his kind is anxious to 
promote. Many thousand copies of this serviceable publication have been printed, 
m the belief and hope that the desire for instruction and improvement widely pre- 
vails ; and we have no fear that such enlightened faith will meet with disappoint- 
ment" — Times. 

*'A cheap and interesting publication, alike informing and attractive. The papers 
combine subjects of importance and great scientific knowledge, considerable indue* 
live powers, and a popular style of treatment." — Spectator, 

"The * Museum of Science and Art' is the most valuable contribution that has 
ever been made to the Scientific Instruction of every class of society." — Sir David 
Brewster in the North British Review. 

** Whether we consider the liberality and beauty of the illustrations, the charm of 
the writing, or the durable interest of the matter, we must express our belief that 
there is hardly to be found among the new books, one that would be welcomed by 
people of so many ages and classes as a valuable present." — Examiner. 

*»* Separate books formed from the above^ suitable for Workmen^ s 

Libraries^ Science Classes^ dr'c, 

COMMON THINGS EXPLAINED. Contammg Air, Earth, Fire, 
Water, Time, Man, the Eye, Locomotion, Colour, Clocks and 
Watches, &c, 233 Illustrations, cloth gilt, 5^. 

THE MICROSCOPE. Contaiiung Optical Images, Magnifying 
Glasses, Origin and Description of the Microscope, Microscopic 
Objects, the Solar Microscope, Microscopic Drawing and Engrav- 
ing, &c. 147 Illustrations, cloth gilt, 2s. 

POPULAR GEOLOGY. Containing Earthquakes and Volcanoes, 
the Crust of the Earth, etc. 201 Illustrations, doth gilt, 2s, 6d, 

POPULAR PHYSICS. Containing Magnitude and Minuteness, the 
Atmosphere, Meteoric Stones, Popular Fallacies, Weather Prog- 
nostics, the Thermometer, the Barometer, Sound, &c. 85 Illus- 
trations, cloth gilt, 2s. 6d. 

STEAM AND ITS USES. Including the Steam Engine, the Lo- 
comotive, and Steam Navigation. 89 Illustrations, cloth gilt, zs. 

POPULAR ASTRONOMY. Containing How to Observe the 
Heavens. The Earth, Sun, Moon, Planets. Light, Comets, 
Eclipses, Astronomical Influences, &c. 182 Illustrations, 4J. 6d. 

THE BEE AND WHITE ANTS : Their Manners and Habits. 
With Illustrations of Animal Instinct and Intelligence. 135 Illus- 
trations, cloth gilt, 2s. 

THE ELECTRIC TELEGRAPH POPULARISED. To render 
intelligible to all who can Read, irrespective of any previous Scien- 
tilJc Acquirements, the various forms of Telegraphy in Actual 
Operation. 100 Ulustiatioiis, do\Xi ©it, \s. 6d, 
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Dr, Lardnef^s Handbooks of Natural Philosophy. 

*«* The folUnving five voltimes, though each is Complete in itself^ aiid to be pur- 
chased separately^ forfn A Co'siVhWTE.QovRSE. OF Natural Philosophy, ««<^rtr<r 
intended /or the general reader who desires to attain accurate knowledge of the 
various departments of Physical Science, without pursuing them according to the 
more profound methods of matJientatical investigatiott. The style is studiously 
popular^ It has beeti the author's aim to supply Manuals such as are required by 
tlte Student^ the Engineer, the Artisan, and the superior classes in Schools, 

THE HANDBOOK OF MECHANICS. Enlarged and almost 
rewritten by Benjamin Loewy, F.R.A.S. With 378 Illustra- 
tions. Post 8vo, 6j. cloth. 
" The perspicuitv of the original has been retained, and chapters which had 
become obsolete, have been replaced by others of more modem character. The 
explanations throughout are studiously popular, and care has been t^en to show 
the application of the various branches of physics to the industrial arts, and to 
the practical business of life." — Mining youmal. 

THE HANDBOOK of HYDROSTATICS and PNEUMATICS. 
New Edition, Revised and Enlarged by Benjamin Loewy; 
F.R.A.S. With 236 Illustrations. Post 8vo, 5j. cloth. 
** For those ' who desire to attain an accurate knowledge of physical science with- 
out the profound methods of mathematical investigation,' this work is not merely in- 
tended, but well adapted." — Chemical News. 

THE HANDBOOK OF HEAT. Edited and ahnost entirely 
Rewritten by Benjamin Loewy, F.R.A.S., etc 117 Illustra- 
tions. Post 8vo, 6s, cloth. 
" The style is alwa^^s clear and precise, and conveys instruction without leaving 

any cloudiness or lurlung doubts behind." — Engineering, 

THE HANDBOOK OF OPTICS. New Edition. Edited by 
T. Olver Harding, B.A. 298 Illustrations. Post 8vo, $s, cloth. 

" Written by one of the ablest English scientific writers, beautifully and elaborately 
VL\\v&Xx2XtidL,**— Mechanics' Magazine. 

THE HANDBOOK OF ELECTRICITY, MAGNETISM, and 

ACOUSTICS. New Edition. Edited by Geo. Carey Foster, 

B.A., F.C.S. With 400 Illustrations. Post 8vo, ^s. cloth. 

" The book could not have been entrusted to any one better calculated to preserve 

the terse and lucid style of Lardner. while correcting his errors and bringing up his 

work to the present state of scientific knowledge." — Popular Science Review. 

Dr. Lardner s Handbook of Astronomy. 

THE HANDBOOK OF ASTRONOMY. Forming a Com- 
panion to the "Handbooks of Natural Philosophy." By Diony- 
sius Lardner, D.C.L., formerly Professor of Natural Philosophy 
and Astronomy in University College, London. Fourth Edition. 
Revised and Edited by Edwin Dunkin, F.R.S., Royal Observa- 
tory, Greenwich. With 38 Plates and upwards of 100 Woodcuts. 
In I vol., small 8vo, 550 pages, 9J. 6^., cloth. 
"Probably no other book contains the same amount of information in so com- 
pendious and well-arranged a form — certainly none at the price at which this is 
offered to the public." — Atheneeum. 

*' We can do no other than pronounce this work a most valuable manual of astro- 
nomy, and we strongly recommend it to all who wish to acquire a general — but at 
the same time correct — acquaintance with this sublime science. "- Quarterly Journal 
of Science. 

Dr. Lardner^ s Handbook of Animal Physics. 

THE HANDBOOK OF ANIMAL PHYSICS. By Dr. 

Lardner. With 520 Illustrations. New edition, small 8vo, 

cloth, 732 pages, 7j. dd, 
••We have no hesitation in cordially recommending it." — EdticationaX Time*. 
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Dr. Lardn^r's School Handbooks. 

NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. LARDNiR. 

328 IllustratioDs. Sixth Edition. I voL y. 6d. cloth. 
" Conveys, in clear and precise terms, general notions of all the principal divisions 
of Physical Science."— ^r«/«A Quarterly Review. 

ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dr. Labdner. 

With 190 Illustrations. Second Edition. I voL y, 6d, cloth. 
"Clearly written, well arranged, and exccU.aa,lyil\ustx».ted.**-— Gardeners* CArvHicle 

Dr. Lardners Electric Telegraph. 

THE ELECTRIC TELEGRAPH. By Dr. Lardner. New 
Edition. Revised and Re- written, by E. B. Bright, F.R. A. S. 
140 Illustrations. Small 8vo, 2s, 6d. cloth. 
' ' One of the most readable books extant on the Electric Telegraph.''— £m^. Mechanic. 

Electricity. 

A MANUAL of ELECTRICITY ; includmg Galvanism, Mag- 
netism, Diamagnetism, Electro-Dynamics, Magneto-Electricity, and 
the Electric Telegraph. By Henry M. Noad, Ph.D., F.C.S. 
Fourth Edition, with 500 Woodcuts. 8vo, i/. 4;. doth. 
"The accounts ^iven of electricity and galvanism are not only complete in a scientific 
sense, but, which is a rarer thing, are popular and intefesdng."— Zomv/. 

Text-Book of Electricity. 

THE STUDENT^S TEXT-BOOK OF ELECTRICITY. By 
Henry M. Noad, Ph.D., F.R.S., F.C.S. New Edition, care- 
fully Revised. With an Introduction and Additional Chapters 
by W. H. Preece, M.I.C.E., Vice-President of the Society ol 
Telegraph Engineers, &c. With 470 Illustrations. Crown 8vo, 
\25. 6d. cloth. \_yust published. 

*'A reflex of the existing state of Electrical Science adapted for students." — 
W. H. Preece, Esq., vide ** Introduction." 

" >Ve can recommend Dr. Noad's book for clear style, great range of subject, a 
good index, and a plethora of woodcuts. Such collections as the present are indis- 
pensable. " — A theitct um. 

** An admirable text-book for every student— beginno* or advanced— of electricity.** 
--Engineering. 

** A most elaborate compilation of the facts of electricity and magnetism. *' — Popular 
Science Review. 

" May be recommended to students as one of the best text-books on the subject 
that they can have. . . . Mr. Preece appears to have introduced all the newest 
inventions in the shape of telegraphic, telephonic, and electric-lighting apparatus." — 
Engiish Mechanic. ^ 

"The work contains everything that the student can require, it is well illustrated, 
clearly written, and possesses a good index." — Academy. 

" One of the best and most useful compendiums of any branch of science in our 
literature." — Iro7i. 

" Under the editorial hand of Mr. Preece the late Dr. Noad's text-book of elec- 
tricity has grown into an admirable handbook." — IVestminster Review. 

Geology and Genesis. 

THE TWIN RECORDS OF CREATION ; or, Geology and 
Genesis, their Perfect Harmony and Wonderful Concord. By 
George W. Victor leVaux. Numerous Illustrations. Fcap. 8vo, 
5^. cloth. 
"A vaiuabie contribution to the evidences of revelation, and disposes very condu- 

aively of the arguments of those w\vo -wouX^ ^t Cjod*% Works against God's Word. 

No real difficulty is shirked, and no «)pVv\strs\&\t^X.vii«ceow.^.**— TKe R«c&» 
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Science and Scripture. 

SCIENCE ELUCIDATIVE OF SCRIPTURE, AND NOT 
ANTAGONISTIC TO IT ; being a Series of Essays on— i. 
Alleged Discrepancies ; 2. The Theory of the Geologists and 
Figure of the Earth ; 3. The Mosaic Cosmogony ; 4. Miracles in 
general — Views of Hume and Powell ; 5. The Miracle of Joshua — 
Views of Dr. Colenso : The Stmematurally Impossible ; 6. The 
Age of the Fixed Stars, &c. By Trof. J. R. Young. Fcap. 51. cl. 

Geology, 

A CLASS-BOOK OF GEOLOGY. Consisting of "Physical 
Geology," which sets forth the Leading Principles of the Science ; 
and ** Historical Geology," which treats of the Mineral and Organic 
Conditions of the Earth at each successive epoch, especial reference 
being made to the British Series of Rocks. By Ralph Tate. 
With more than 250 Illustrations. Fcap. 8vo, 5^. cloth. 

Practical Philosophy. 

A SYNOPSIS OF PRACTICAL PHILOSOPHY. By Rev. 
John Carr, M.A., late Fellow of Trin. ColL, Camb. i8mo, 5^. cl. 

Mollusca. 

A MANUAL OF THE MOLLUSCA ; being a Treatise on 
Recent and Fossil Shells. By Dr. S. P. Woodward, A.L.S. 
With Appendix by Ralph Tate, A.L.S., F.G.S. With numer- 
ous Plates and joo Woodcuts. 3rd Edition. Cr. 8vo, Js. 6d, cloth. 

Clocks, Watches y and Bells. 

RUDIMENTARY TREATISE on CLOCKS, and WATCHES, 
and BELLS. By Sir Edmund Beckett, Bart, (late E. B. 
Denison), LL.D., Q.C., F.R.A.S. Sixth edition, revised and en- 
larged. Limp cloth (No. 67, Weale's Series), 4*. 6</.; cloth bds. 51. 6^. 

'* As a popular and practical treatise it is unapproached."— ^nef/uA Mechanic. 
"The best work on the subject probably extant. The treatise on bells is un- 
doubtedly the best in the language. "—Engineering. 
"The only modem treatise on clock-making." — Jiorological Journal. 

Grammar of Colouring. 

A GRAMMAR OF COLOURING, applied to Decorative 
Painting and the Arts. By George Field. New edition, en- 
larged. By Ellis A. Davidson. With new Coloured Diagrams 
and Engravings. l2mo, 3^. (>d. cloth. 
" The book is a most useful risunU of the properties of pigments.*'— 5»ftWpr. 

Pictures and Painters. 

THE PICTURE AMATEUR'S HANDBOOK AND DIC- 
TIONARY OF PAINTERS : A Guide for Visitors to Picture 
Galleries, and for Art-Students, including methods of Painting, 
Cleaning, Re- Lining, and Restoring, Principal Schools of Painting, 
Copyists and Imitators. By Philippe Daryl, B. A. Cr. 8vo, 3^. 6^/. cl. 

Woods and Marbles {Imitation of). 

SCHOOL OF PAINTING FOR THE IMITATION OF 
WOODS AND MARBLES, as Taught and Practised by A. R. 
and P. Van der Burg, Directors of the Rotterdam Painting 
Institution. Illustrated with 24 full-size Coloured Plates; jdso 
12 Plain Plates, comprising 1 54 Fig;utes, Fo\io» ^t» \^s. W*^iRk\sfiL^, 
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Delamott^s Works on Illumination & Alphabets. 

A PRIMER OF THE ART OF ILLUMINATION ; for the 
use of Beginners : with a Rudimentary Treatise on the Art, Prac- 
tical Directions for its Exercise, and numerous Examples taken 
from Illuminated MSS., printed in Gold and Colours. By F. Dela- 
MOTTE. Small 4to, 9^. Elegantly bound, cloth antique. 

"The examples of ancient MSS. recommended to the student, which, with much 
good sense, the author chooses from collections accessible to all, are selected with 
iudgment and knowledge, as well as taste." — Atlututum. 

ORNAMENTAL ALPHABETS, ANCIENT and MEDIEVAL ; 

from the Eighth Century, with Numerals ; including Gothic, 

Church-Text, German, Italian, Arabesque, Initials, Monograms, 

Crosses, &c. Collected and engraved by F. Delamotte, and 

printed in Colours. New and Cheaper Edition. Royal 8vo, 

oblong, 2J. 6^. ornamental boards. 

" For those who insert enamelled sentences round gilded chalices, who blazon shop 
legends over shop-doors, who letter church walls with pithy sentences frona the 
Decalogue, this book will be usefuL" — Athenaum. 

EXAMPLES OF MODERN ALPHABETS, PLAIN and ORNA- 
MENTAL ; including German, Old English, Saxon, Italic, Per- 
spective, Greek, Hebrew, Court Hand, Engrossing, Tuscan, 
Riband, Gothic, Rustic, and Arabesque, &c, &c. Collected and 
engraved by F. Delamotte, and printed m Colours. New and 
Cheaper Edition. Royal 8vo, oblong, 2s, 6d, ornamental boards. 

" There is comprised in it every possible shape into which the letters of the alphabet 
and numerals can be formed."— kS'/om/an^ 

MEDIAEVAL ALPHABETS AND INITIALS FOR ILLUMI- 
NATORS. By F. Delamotte. Containing 21 Plates, and 
Illuminated Title, printed in Gold and Colours. With an Intro- 
duction by J. WiLLifS Brooks. Small 4to, dr. cloth gilt. 

THE EMBROIDERER'S BOOK OF DESIGN ; containing Initials, 
Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesias- 
tical Devices, Mediaeval and Modem Alphabets, and National 
Emblems. Collected and engraved by F. DELAMOTTEy and 
printed in Colours. Oblong royal 8vo, is, 6d, in ornamental boards. 

Wood' Carving. 

INSTRUCTIONS in WOOD-CARVING, for Amateurs; with 
Hints on Design. By A Lady. In emblematic wrapper, huid- 
somely printed, with Ten large Plates, 2s. 6d, 

" The handicraft of the wood-carver, so well as a book can impart it, may be learnt 
from * A Lady's * publication.*'— ^/A««w<»f. 

Popular Work on Painting. 

PAINTING POPULARLY EXPLAINED; with Historical 
Sketches of the Progress of the Art By Thomas John Gullick, 
Painter, and John Times, F.S.A. Fourth Edition, revised and 
enlarged. With Frontispiece and Vignette. In small 8vo, 6^. cloth. 
%* TTiis Work has been adopted as a Prize-book in the Schools of 
Art at South Kensington, 
"Contains a large amount of original matter, agreeably conveycd.^-'Butlder, 
" Much may be learned, even V^ those "wVvo fancy they do not require to be taught, 
from the canful perusal of tlus\wpretead\D^>d\t&comvtOa£c^^^^ 



PUBLISHED BY CROSBY LOCKWOOD & CO. »9 

AGRICULTURE, GARDENING, ETC. 
Yauatt and Burris Complete Grazier. 

THE COMPLETE GRAZIER, and FARMER'S and CATTLE- 
BREEDER'S ASSISTANT. A Compendium of Husbandry. 
By William Youatt, Esq., V.S. 12th Edition, very con- 
siderably enlarged, and brought up to the present requirements of 
agricultural practice. By Robert Scott Burn. One large 8vo. 
volume, 860 pp. with 244 Illustrations, i/. is, half-bound. 

'* The standard and text-book, with the fanner and grazier." — Farmer's Magasine. 

**K treatise which will remain a standard work on the subject as kmg as British 
agriculture endures." — Mark Lane Express. 

History y Structure, and Diseases of Sheep. 

SHEEP ; THE HISTORY, STRUCTURE, ECONOMY, 
AND DISEASES OF. By W. C. Spooner, M.R.V.C, &c. 
Fourth Edition, with fine engravings, including specimens of New 
and Improved Breeds. 366 pp., 4J". cloth. 

Prodtutio7i of Meat. 

MEAT PRODUCTION. A Manual for Producers, Distributors, 
and Consumers of Butchers' Meat. Being a treatise on means of 
increasing its Home Production. Also comprehensively treating 
of the Breeding, Rearing, Fattening, and Slaughtering of Meat- 
yielding Live Stock ; Indications of the Quality ; Means for Pre- 
serving, Curing, and Cooking of the Meat, etc. By John Ewart, 
Numerous Illustrations. Cr. 8vo, 51. cloth. 
" A compact and handy volume on the meat question, which deserves serious and 
thoughtful consideration at the present time." — meat and Provision Traded Rexnew. 

Donaldson and Burns Suburban Farming. 

SUBURBAN FARMING. A Treatise on the Laying Out and 
Cultivation of Farms adapted to the produce of Milk, Butter and 
Cheese, Eggs, Poultry, and Pigs. By the late Professor John 
Donaldson. With considerable Additions, Illustrating the more 
Modem Practice, by R. ScoTT Burn. With Illustrations. Crown 
8vo, 6j. cloth. 

Modern Farming. 

OUTLINES OF MODERN FARMING. By R. Scott Burn. 
Soils, Manures, and Crops — Farming and Fanning Economy — 
Cattle, Sheep, and Horses — Management of the Dairy, Pigs, and 
Poultry — Utilisation of Town Sewage, Irrigation, &c. New Edition. 
In I voL 1250 pp., half-bound, profusely illustrated, \2s. 
** There is sufficient stated within the limits of this treatise to prevent a farmer 
from going far wrong in any of his operations." — Observer, 

Amateur Farming. 

THE LESSONS of MY FARM : a Book for Amateur Agricul- 
turists, being an Introduction to Farm Practice, in the Culture of 
Crops, the Feeding of Cattle, Management of the Dairy, Poultry, 
Pigs, &c. By R. Scott Burn. With numerous lUus, Fc^. ^s. ^, 
** A complete introduction to the whole ro\md of laxtD^^ '^itM:>as3&r--^o1ufv Bv.U. 
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The Management of Estates. 

LANDED ESTATES MANAGEMENT: Treating of the 
Varieties of Lands, Peculiarities of its Farms, Methods of Farming, 
the Setting-out of Farms and their Fields, Construction of Roads, 
Fences, Gates, and Farm Buildings, of Waste or Unproductive 
Lands, Irrigation, Drainage, Plantation, &c. By R. ScoTT Burn. 
Numerous Illustrations. Second Edition. i2mo, 3^. cloth. 

"A complete and comprehensive outline of the duties appertaining to the oianage- 
mcnt of landed estates." — J ow fial of Forestry, 

" A very useful vade-mecum to such as have the care of land." — Giobe, 

The Management of Farms. 

OUTLINES OF FARM MANAGEMENT, and the Organiza- 
tion of Farm Labour. Treating of the General Work of the Farm, 
Field, and Live Stock, Details of Contract Work, Specialties of 
Labour, Economical Management of the Farmhouse and Cottage, 
and their Domestic Animals. By Robert Scott Burn, Author 
of "Outlines of Modem Farming,** &c. With numerous Illustra- 
tions, i2mo, 3 J. cloth boards. \Jtist published. 

Management of Estates and Farms. 

LANDED ESTATES AND FARM MANAGEMENT. By 
R. Scott Burn, Author of "Outlines of Modem Farming,'* 
Editor of "The Complete Grazier," &c. With Illustrations. 
Consisting of the above Two Works in One vol., ds. half-bound. 

\3ust pt*blishfd. 

Kitchen Gardening. 

KITCHEN GARDENING MADE EASY. Shovjring how to 
prepare and lay out the ground, the best means of cultivating every 
known Vegetable and Herb, with cultural directions for the 
management of them all the year round. By George M. F. 
Glenny. With Illustrations, i2mo, 2s, cloth boards. 
" As a guide to hardy kitchen gardening, this book will be^found trustworthy and 
v&^ixiX"— North British Agriadturist. 

Culture of Fruit Trees. 

FRUIT TREES, the Scientific and Profitable Culture of. From 
the French of Du Breuil, revised by Geo. Glenny. 187 Cuts. 
i2mo, \s. cloth. 

Good Gardening. 

A PLAIN GUIDE TO GOOD GARDENING ; or. How to 
Grow Vegetables, Fruits, and Flowers. With Practical Notes on 
Soils, Manures, Seeds, Planting, Laying-out of Gardens and 
Grounds, &c. By S. Wood. Third Edition, with considerable 
Additions, &c., and numerous Illustrations. Cr. 8vo, 5^. cloth. 
*' A very good book, and one to be highly recommended as a practical guide. 
The practic^ directions are excellent." — Athenteum, 

Gainful Gardening. 

MULTUM-IN-PARVO GARDENING; or, How to make One 
Acre of Land produce ;^620 a year, by the Cultivation of Fruits 
and Vegetables ; also, How to Grow Flowers in Three Glass 
Houses, so as to realise ;f 176 per annum clear Profit. By Samuel 
Wood. 3rd Edition, revised. Cr. 8vo, zr. cloth. 
" We are bound to recommend it as noX ot^v s^x\\.c^ \xi \3ca case of the amateur and 
^enticman's gardener, but to Oic maocVcX sco^«:'— Gard«nei» s Ma^awn*. 
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Bul6 Culture, 

THE BULB GARDEN, or, How to Cultivate Bulbous and 
Tuberous-rooted Flowering Plants to Perfection. A Manual 
adapted for both the Professional and Amateur Gardener. By 
Samuel Wood, Author of "Good Gardening^^" etc With 
Coloured Illustrations and Wood Engravings. Cr. 8vo, xs, 6d, cloth. 
" The book contains practical sugti^estions as to the arrangement of the flowers, and 
the growth of flo«irer*roots for the trade,as well as for amusement." — Saturday Revie^u. 

Tree Planting. 

THE TREE PLANTER AND PLANT PROPAGATOR: 
JOeing a Practical Manual on the Propagation of Forest Trees, 
Fruit Trees, Flowering Shrubs, Flowering Plants, Pot Herbs, &c. 
Numerous Illustrations. By Samuel Wood. i2mo, 2j. dd, cloth. 

Tree Pruning. 

THE TREE PRUNER : Being a Practical Manual on the 
Pruning of Fruit Trees. Including also their Training and Renova- 
tion, with the best Method of bringing Old and Worn-out Trees 
into a state of Bearing ; also treating of the Pruning of Shrubs, 
Climbers, and Flowering Plants. With numerous Illustrations. 
By Samuel Wood. i2mo, 2j. 6</. cloth. \jfmt published. 

Tree Plantings Pruning^ & Plant Propagation. 

THE TREE PLANTER, PROPAGATOR, AND PRUNER. 
By Samuel Wood, Author of ** Good Gardening," &c. Consisting 
of the above Two Works in One Vol., 5J. half-bound. 

Potato Culture, 

POTATOES, HOW TO GROW AND SHOW THEM. A 
Practical Guide to the Cultivation and General Treatment of the 
Potato. By James Pink. With Illustrations. Cr. 8vo, 2j. cl. 
** A well written little volume. The author gives good practical instructions 
under both divisions of hb subject." — Agricultural Gazette, 

Hudson* s Tables for Land Valuers, 

THE LAND VALUER'S BEST ASSISTANT: being Tables, 
on a very much improved Plan, for Calculating the Value of 
Estates. With Tables for reducing Scotch, Irish, and Provincial 
Customary Acres to Statute Measure, &c By R. Hudson, C.E. 
New Edition, royal 32mo, leather, gilt edges, elastic band, 4r. 

Ewarfs Land Improver^s Pocket-Book. 

THE LAND IMPROVER'S POCKET-BOOK OF FOR- 
MULAE, TABLES, and MEMORANDA, requh-ed in any Com- 
putation relating to the Permanent Improvement of Landed Pro- 
perty. By John Ewart, Land Surveyor and Agricultural Engineer. 
Royal 32mo, oblong, leather, gilt edges, with elastic band, 4J. 

Complete Agricultural Surveyor's Pocket-Book. 

THE LAND VALUER'S AND LAND IMPROVER'S COM- 
PLETE POCKET-BOOK ; consisting of the above two works 
bound together, leather, gilt edges, with strap, 7j. dd. 
"We consider Hudson's book to be the best ready-reckoner on matters relating to 
the valuation of land and crops we have ever seen, and its combination with Mr. 
Ewart's work greatly enhances the value and usefulness of the lattftTA&«cv>k<v(v»^ . , 
It is most useful as a manual for reference.*'— Nortfc 0/ England Farmer* 
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**A Complete Epitome of the Laws of this 
Country y 

EVERY MAN'S OWN LAWYER; a Handy-Book of the Prin- 
ciples of Law and Equity. By A Barrister. 17 th Edition, 
Revised to the end of last Session. Including a Summary of the 
principal Acts of the past Session (1879), viz, : — The Habitual 
Drunkards Act, the Sale of Food and Drugs Amendment Act, 
The Limited Liability Amendment Act, The Racecourses Licensing 
Act, &c., &C. With Notes and References to the Authorities. 
Crown 8vo, cloth, price 6j. %d, (saved at every consultation). 

COMPRISING THE LAWS OF 
Bankruptcy— Bills op Exchancb— , Wife— Executors and Tnistees — Guardian 
Contracts and Agrbbmbnts — Copy- and Ward — Married Women and Infants 
RIGHT— Dower and Divorce — Elec- ; — Partners and Ajrents— Lender and Bor- 
tions and Registration — Insurance , rower — Debtor and Creditor — Purchaser 
— Libel and Slander — Mortgages— ; and Vendor — Companies and Associations 
Settlements— Stock Exchange Prac- — Friendly Societies — Qei^symen, Church- 
TiCE— Trade Marks and Patents — wardens — Medical Practitioners, &c — 
Trespass, Nuisances, etc — ^Transfer Bankers — Fanners — Contractors — Stock 
op Land, etc. — Warranty — Wills and Share Brokers — Sportsmen amd Game- 
and Agreements, etc. Also Law for j keepers — Farriers and Horse-Dealers— 
L.andlord and Tenant — Master and Ser- Auctioneers, House-Agents — Inakeepers 
vant— Workmen and Apprentices — Heirs, j &c. — Pawnbrokers — Surveyors — Rafl- 
Devisees, and L<$gatees — Husband and I ways and Carriers, &c, &c. 
'* No Englishman ought to be without this book." — Engmetr, 
" What it professes to be — a complete epitcune of the laws of this country, th<nroughly 
intelligible to non-professional readers. The book is a handy one to have in readiness 
when some knotty point requires ready solution.**— iff*//'* Life. 

" A concise, cheap, and complete epitome of the English law, so plainly written 
that he who runs may read, and he who reads may understand." — Figaro, 
'* A useful and concise epitome of the law." — Law Magazitte, 
" Full of information, fitly expressed without the aid of technical expressions, and 
to the general public will, we doubt not, prove of considerable worth." — Ecottotnitt. 

Auctioneer's Assistant. 

THE APPRAISER, AUCTIONEER, BROKER, HOUSE 
AND ESTATE AGENT, AND VALUER'S POCKET AS- 
SISTANT, for the Valuation for Purchase, Sale, or Renewal of 
Leases, Annuities, and Reversions, and of property generally; 
with Prices for Inventories, &c By John Wheeler, Valuer, &c 
Fourth Edition, enlarged, by C NoRRis. Royal 32mo, doth, 5j. 
'* A neat and concise book of reference, containing an admu^ble and dearly- 
arranged list of prices for inventories, and a very practical guide to determine the 
value of furniture, &c" — Standard. 

Auctio7teerin^. 

AUCTIONEERS : THEIR DUTIES AND LIABILITIES. 
By Robert Squibbs, Auctioneer. Demy 8vo, lOf. 6d. cloth. 

House Property. 

HANDBOOK OF HOUSE PROPERTY : a Popular and Prac- 
tical Guide to the Purchase, Mortgage, Tenancy, and Compulsory 
Sale of Houses and Land ; including the Law of Dilapidations and 
Fixtures ; with Explanations and Examples of all kinds of Valua- 
tions, and useful Information and Advice on Building. By E. L. 
Tarbuck, Architect and Surveyor. 2nd Edition. i2mo, 3^. (xi, cl. 

* We are glad to be able to recommend it." — Builder. 

" The advice is thoroughly practical.*' — Law Joiirfial. 

Bradlmry, Af;i:i«w> & Oo.»tTto\ftTfc,"W^\^A3a%,liati4on. 
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A NEW LIST OF 

WEALE'S SERIES 
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AND CLASSICAL. 



S" ■• WEALE'S SERIES [ncludes Teit-Books on almost every branch ot 
ence and Industry, comprising such subjects as Agricultvire, Architecture 
and Building, Civil Engineering, Fine Arts, Mechanics and Mechanical 
Ei^ineering, Physical and Chemical Science, and many miscellaneoaa 
Treatises. The whole are constantly undergoing revision, and new editions, 
gbt up to the latest discoveries in scientific research, are constantly 
Issued. Tlie prices at which they are sold are as low as their eicellence is 
assured," — Amtrican Literary Gatelte. 

" Amongst the literature of technical education, Weale's Sbribs has ever 
enjoyed a high reputation, and the additions being made by Messrs. Crosby 
LocKWOOD & CO, render the series even more complete, and bring the infor- 
on upon the several subjects down to the present time." — SSining 

" II is impossible to do otherwise ttMi-p bear testimony li 

'BALE'S SERIBS,"— EBg»K«r. 
" Everybody — even that outrageous nuisance ' Every Schoolboy ' — knows 
e merits o( ' Weale's RllDlMBNTAltv Series,' Any persons wishing tc 
^uire knowledge cannot do better than look through Weale'a Series and 

„jt all the books they require. The Series is indeed an inexhaustible mint 

of literary wealth."— rSe Utlropoiitan. 
•• WEALE'S SERIES has become a standard as well as an unrivalled 

collection of treatises in all branches of art and science," — Public Ofint 
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WEALE'S BUDIMEKTAET SCIEHTIFIC SEBIES. 




\* The volumes of this Series are freely Illustrated with 
Woodcuts, or otherwise, where requisite. Throughout the fol- 
lowing List it must he understood that the books are bound in 
limp cloth, unless otherwise stated; duf the volumes marked 
with a % may also be had strongly bound in cloth boards for 6d, 
extra. 

N.B. — In 'ordering from this List it is recommended^ as a 
means of facilitating business and obviating errors to quote the 
numbers affixed to the volumes^ as well as the titles and prices. 



^^ ARCHITECTURE, BUILDING, ETC. 

16.* ARCHITECTURE^ORDERS—T\iQ Orders and their JEsthetic 
Principles. By "W. H. Leeds. Illustrated, is. 6d. 

17. ARCHITECTURE— STYLES— ThQ History and Description of 

the Styles of Architecture of Various Countries, from the Earliest to the 
Present Period. By T. Talbot Bury, F.R.I.B. A., Sec. Illustrated. 2s. 
%* Orders and Styles of Architbcturb, in One Vol., 3*. td. 

18. ARCHITECTURE— DESIGN— The: Principles of Design in 

Architecture, as deducible from Nature and exemplified in the Works of the 
Greek and Gothic Architects. By £. L. Garbbtt, Architect. Illustrated. 2s. 

•#• The three preceding Works^ in One handsome Vol., half bound, entitled 

''Modern Architbcturb," /rrir« 6*. 

22. THE ART OF BUILDING, Rudiments of. General Principles 

of Construction, Materials used in Building, Strength and Use of Materials, 
Working Drawings, Specifications, and Estimates. By £. Dobson, 2s4 

23. BRICKS AND TILES, Rudimentaiy Treatise on the Manufac 

turc of; containing an Outline of the Principles of Brickmaking. By Edw. 
DoBSON, M.R.I.B. A. With Additions by C. Tomunson, F.R.S. Illustrated, js.t 

25. MASONRY AND STONECUTTING, Rudimentary Treatise 
on ; in which the Principles of Masonic Projection and their application to 
the Construction of Curved Wing- Walls, Domes, Oblioue Bridges, and 
Roman and Gothic Vaulting, are concisely explained. By Edwaro Dobson, 
M.R.I.B.A., &c. Illustrated with Plates and Diagrams. 2S. 6d.4: 

44. FOUNDATIONS AND CONCRETE W^C^^A'^, a Rudimentary 

Treatise on ; containing a Synopsis of the principal cases of Foimdation 
Works, with the usual Modes of Treatment, ana Practical Remarks on 
Footings, Planking, Sand, Concrete. B6ton, Pile-driving, Caissons, and 
Cofferdams. By E. Dobson, M.RJ.B.A., &c. Fourth Emtion, revised by 
Georgk Dodd, C.E. Illustrated, is. 6d. 

42. COTTAGE BUILDING. By C. Bruce Allen, Architect 

Ninth Edition, revised and enlarged. Numerous Illustrations, xs. 6d. 

45. LIMES, CEMENTS, MORTARS, CONCRETES, MASTICS, 

PLASTERING, &c. By G. R. Burnell, C.E. Eleventh Edition, is. 6d. 

57. WARMING AND VENTILATION, a Rudimentary TreaUse 
on ; being a concise Exposition of the General Principles of the Art of Warm- 
ing and V entilating Domestic and Public Buildings, Mines, Lighthouses, 
Ships, &c. By Charles Tomlinson, F.R.S., &c. Illustrated. 3s. 

83«*. CONSTRUCTION OF DOOR LOCKS. Compiled from the 
Papers of A. C. Hobbs, Esq., of New York, and Edited by Charles Tom- 
linson, F.R.S. To which is added, a Description of Fenby's Patent Locks, 
and a Note upon Iron Safes by Robert Mallet, M.I.C.E. Ill us. 2s. 6d. 

III. ARCHES, PIERS, BUTTRESSES, <5r*^. .• Experimental Essays 

on the Principles of Construction in ; made with a view to their being useful 
to the Practical Builder. By William Bland. Illustrated, is. 6d. 



1^^ 7 he t indicates that these vols, may be had strongly bound at td. extra. 
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Architecture, Building, etc., continued, 

Ii6. THE ACOUSTICS OF PUBLIC BUILDINGS; or, The 

Principles of the Science of Sound applied to the purposes of the Architect and 
liuilder. By T. Roger Smith, M.R.I. B.A., Architect. Illustrated, is. 6d. 

124. CONSTRUCTION OF ROOFS, Treatise on the, as regards 
Carpentry and Joinery. Deduced from the Works of Robison, Price, and 
Tredgold. Illustrated, xs. 6d. 

127. ARCHITECTURAL MODELLING IN PAPER, the Art of. 

By T. A. Richardson, Architect. Illustrated, it. 6d. 

128. VITRUVIUS—THE ARCHITECTURE OF MARCUS 

VITRUVIUS POLLO. In Ten Books. Translated from the Latin by 
Joseph Gwilt, F.S.A., F.R.A.S. With 23 Plates. 5s. 

130. GRECIAN ARCHITECTURE, An Inquiry into the Principles 
of Beauty in ; with an Historical View of the Rise and Progress of the Art in 
Greece. By the Earl of Aberdeen, is. 
%• The two preceding Works in One handsome VoL^ half bounds entitled "An'CIEnt 

Architecturk," price 6s. 
16, 17, 18, 128, and 130, in One Vol., entitled " Ancient and Modern Architec- 
ture," half boufid, 12s. 

132. DWELLING-HOUSES, a Rudimentary Treatise on the Erection 
of. Illustrated by a Perspective View, Plans, Elevations, and Sections of a 
pair of Semi-detached Villas, with the Specification, Quantities, and Esti- 
mates, and every requisite detail, in sequence, for their Construction and 
Finishing. By S. H. Brooks, Architect. New Edition, with Plates. 2s. (A.X 

156. QUANTITIES AND MEASUREMENTS, How to Calculate and 
Take them in Bricklayers', Masons', Plasterers', Plumbers*, Painters', Paper- 
hangers', Gilders', Smiths', Carpenters*, and Joiners' Work. By A. C. 
Beaton, Architect and Surveyor. New and Enlarged Edition. Illus. xs. 6d. 

175. LOCK WOOD 6- CO:S BUILDER'S AND CONTRACTOR'S 
PRICE-BOOK, for 1880, containing the latest Prices of all kinds of Builders' 
Materials and Labour, and of all Trades connected with Building : Lists of 
the Members of the Metropolitan Board of Works, of Districts, District 
Officers, and District Surveyors, and the Metropolitan Bye-laws. Edited by 
Francis T. W. Miller, Architect and Sur\'eyor. 3s. 6d. ; half bound, 4s. 

182. CARPENTRY AND JOINERY— Hvl^ Elementary Prin- 
ciples of Carpentry. Chiefly composed from the Standard Work ot 
Thomas Tredgold, C.E. With Additions from the Works of the most 
Recent Authorities, and a TREATISE ON JOINERY by E. Wyndham 
Tarn, M.A. Numerous Illustrations. 3s. 6d.X 

182*. CARPENTRY AND JOINERY, ATLAS of 35 Plates to 
accompany the foregoing book. With Descriptive Letterpress. 4to. 6s. ; 
cloth boards, 7s. 6d. 

187. HINTS TO YOUNG ARCHITECTS, By George Wight- 

wick. New, Revised, and enlarged Edition. By G. Huskisson Guillaume, 
Architect. With numerous Woodcuts. 3s. 6d.t 

188. HOUSE PAINTING, GRAINING, MARBLING, AND SIGN 

WRITING : A Practical Manual of, containing full information on the 
Processes of House-Painting, the Formation of Letters and Practice of 
Sign-Writing, the Principles of Decorative Art, a Course of Elementary 
Drawing for House-Painters, Writers, &c., &c. With 9 Coloured Plates of 
Woods and Marbles, and nearly 150 Wood Engravings. By Ellis A. 
Davidson. Second Edition, carefully revised. 5s. cloth limp ; 6s. cloth 
boards. 

189. THE RUDIMENTS OF PRACTICAL BRICKLAYING, 

In Six Sections : General Principles ; Arch Drawing, Cutting) and Setting ; 
Pointing ; Paving, Tiling, Materials ; Slating and Plastering ; Practical 
Geometry, Mensuration, &c. By Adam Hammond. Illustrated, is. 6d. 

191. PLUMBING, A Text-Book to the Practice of the Art or Craft of 
the Plumber. With Chapters upon House Drainage, embodying the latest 
Improvements, hccond Edition, enlarged. Containing 300 Illustrations. 
By W. P. BucHAN, Sanitary Engineer. 3s. 6d.t {Just published. 

The X indicates that these vols, may be had strongly bound at 6d. extra. 
7, STATIONERS' HALL COURT, LUDGA-T^ B.\\A.^ ^.^. 
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Architecture, Building, etc., continued. 
192. THE TIMBER IMPORTER'S, TIMBER MERCHANTS, 
and BUILDER'S STANDARD GUIDE ; comprising copious and valu- 
able Memoranda for the Retailer and Builder. By Richard E. Grandy. 
Second Edition, Revised. 3s.t 

205. THE ART OF LETTER PAINTING MADE EASY, By 

J. G. Badbnocu. Illustrated with 12 full-page Engraving^ of Examples, is. 

{Jusi publtshed. 

206. A BOOK ON BUILDING, Civil and Ecclesiastical, including 

Church Restoration. With the Theory of Domes and the Great Pyramid, 
and Dimensions of many Churches and other Great Building^. By Sir 
I Edmund Beckett, Bart., LL.D., Q.C., F.R.A.S., Chancellor and Vicar- 
General of York. Second Edition, enlarged, 4s. 6d.t \Jtttt published. 

CIVIL ENGINEERING, ETC. 
13. CIVIL ENGINEERING, the Rudiments of. By Henry 
Law, C.E., and George R. Burnbll, C.E. New Edition, much enlarged 
and thoroughly revised by D. Kinnear Clark, C.E. . [Nearlyy-eady. 

29. THE DRAINAGE OF DISTRICTS AND LANDS. By G. 

Drysdalb Dempsey, C.E. [New Edition in preparation. 

30. THE DRAINAGE OF TOWNS AND BUILDINGS, By 

G. Drysdale Dempsey, C.E. New Edition. Illustrated. 2s. 6d. 

31. WELL-DIGGING, BORING, AND PUMP-WORK. By John 

George Swindell, A.R.I.B. A. NewEdition.byG.R. Burnbll, C.E. is.6d. 

35. THE BLASTING AND QUARRYING OF STONE, for 
Building and other Purposes. With Remarks on the Blowing up of Bridges. 
By Gen. Sir John Burgoynb, Bart., K.C.B. Illustrated, is. 6d. 

62. RAILWAY CONSTRUCTION, Elementary and Practical In- 
structions on the Science of. By Sir M. Stephenson, C.E. New Edition, 
by Edward Nugent, C.E. With Statistics of the Capital, Dividends, and 
Working of Railways in the United Kingdom. By E. D. Chattaway. 4s. 
8o*. EMBANKING LANDS FROM THE SEA, the Practice of. 
Treated as a Means of Profitable Employment for Capital. With Examples 
and Particulars of actual Embankments, and also Practical Remarks on the 
Repair of old Sea Walls. By John Wiggins, F.G.S. .New Edition. 2s. 

81. WATER WORKS, for the Supply of Cities and Towns. With 
a Description of the Principal Geological Formations of England as in- 
fluencing Supplies of Water ; and Details ot Engines and Pumping Machinery 
for raising Water. By Samuel Hughes, F.G.S., C.E. New Edition. 4S.t 

117. SUBTERRANEOUS SURVEYING, an Elementary and Prac- 

tical Treatise on. By Thomas Fenwick. Also the Method of Conducting 
Subterraneous Surveys without the Use of the Magnetic Needle, and other 
Modem Improvements. By Thomas Baker, C.E. Illustrated. 2s. 6d.t 

118. CIVIL ENGINEERING IN NORTH AMERICA, a Sketch 

of. By David Stevenson, F.R.S.E., &c. Plates and Diagrams. 3s. 

197. ROADS AND STREETS {THE CONSTRUCTION OF), 
in two Parts: I. The Art of Constructing Common Roads, by Henry 
Law, C.E., revised and condensed by D. Kinnear Clark, C.E. ; II. Recent 
Practice, including pavements of Stone, Wood, and Asphalte, by D. K. 
Clark, M.I.C.E. 4s. 6d.$ 

203. SANITAR Y WORK IN THE SMALLER TOWNS AND IN 
VILLAGES. Comprising: — i. Some of the more Common Forms of 
Nuisance and their Remedies ; 2. Drainage ; 3. Water Supply. A useful 
book for Members of Local Boards and Rural Sanitary Authorities, Health 
Officers, Engineers, Surve)'ors, &c. By Charles Slagg, A.I.C.E. 2s. 6d.t 

212. THE CONSTRUCTION OF GAS-WORKS, and the Manu- 

facture and Distribution of Coal Gas. Originally written by Sariukl 
Hughes, C.E. Sixth Edition, re-written and much Enlarged by William 
Richards, C.E. With 72 Illustrations. 4s. 6d.} [Just published. 

213. PIONEER ENGINEERING. A Treatise on the Engineering 

Operations connected with the Settlement of Waste Lands in New Coun- 
tries. By Edward Dobson, Assoc. Inst. C.E., Author of " The Art of 
Building," &c. 4s. 6d.j: [Just publis hed. 

fS^^ The X indicates that these vols, may be had strongly bound at 6d. extra. 
LONDON : CIlOSB\ 'LOCYLWOOIJ AND CO., 
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MECHANICAL ENGINEERING, ETC. 

33. CRANES, the Construction of, and other Alachinery for Raising 

Heavy Bodies for the Erection of Buildings, and for Hoisting Goods. By 
Joseph Glynn, F.R.S., &c. Illustrated, is. 6d. 

34. THE STEAM ENGINE, a Rudimentaiy Treatise on. By Dr. 

Lardnbr. Illustrated, zs. 6d. 
59. STEAM BOILERS: their Construction and Management. By 

R. Armstrong, C.E. Illustrated, xs. 6d. 
67. CLOCKS, WATCHES, AND BELLS, a Rudimentary Treatise 

on. By Sir Edmund Beckett (late Edmund Beckett Denison), LL.D., Q.C. 

A New, Revised, and considerably Enlarged Edition (the 6th), with very 

numerous Illustrations. 4.S. 6d. cloth limp ; 5s. 6d. cloth boards, gilt. 
82. THE POWER OF WATER, as applied to drive Flour Mills, 

and to give motion to Turbines and other Hydrostatic Engines. By Joseph 

Glynn, F.R.S., &c. New Edition, Illustrated. 2s.t 
98. PRACTICAL MECHANISM, tiie Elements of; and Machine 

Tools. By T. Baker, C.E. With Remarks on Tools and Machinery, by 

J. Nasmvth, C.E. Plates. 2s. 6d.t 
114. MACHINERY, Elementary Principles of, in its Construction and 

Working. Illustrated by numerous Examples of Modem Machinery for 

different Branches of Manufacture. By C. D. Abel. C.E. zs. 6d. 
139. THE STEAM ENGINE, a Treatise on the Mathematical Theory 

of, with Rules at length, and Examples for the Use of Practical Men. By 

T. Baker, C.E. Illustrated, is. 6d. 
162. THE BRASS FOUNDER'S MANUAL; Instructions for 

Modelling, Pattern -Making, Moulding, Turning. Filing, Burnishing, 

Bronzing, &c. With copious Receipts, numerous Tables, and Notes.on Prime 

Costs and Estimates. By Walter Graham. Illustrated. 2S.4: 

164. MODERN WORKSHOP PRACTICE, as applied to Marine, 

Land, and Locomotive Engines, Floating Docks, Dredging Machines, 
Bridges, Cranes, Ship-building, &c., &c. By T. G. Winton. Illustrated. 3s. t 

165. IRON AND HEAT, exhibiting the Principles concerned in the 

Construction of Iron Beams, Pillars, and Bridge Girders, and the Action of 
Heat in the Smelting Furnace. By J. Armour, C.E. 2S. 6d.t 

166. POWER IN MOTION: Horse-Power, Tootiied- Wheel Gearing, 

Long and Short Driving Bands, and Angular Forces. By Jambs Armour, 
C.E. With 73 Diagrams. 2s. 6d.t 

167. THE APPLICATION OF IRON TO THE CONSTRUCTION 

OF BRIDGES, GIRDERS, ROOFS, AND OTHER WORKS. By 
Francis Campin, C.E. Second Edition, revised and corrected. 2s. 6d.t 

171. THE WORKMAN'S MANUAL OF ENGINEERING 
DRAWING. By John Maxton, Engineer, Instructor in Engineering 
Drawing, Royal Naval College, Greenwich. Third Edition. Illustrated 
with 7 Plates and nearly 350 Woodcuts. 3s. 6d.t 

190. STEAM AND THE STEAM ENGINE, Stationary and 
Portable. Being an extension of Mr. John Sewell*s "Treatise on Steam." 
By D. K. Clark, M.I.C.E. Second Edition, revised. 3s. 6d.4: 

200. FUEL, its Combustion and Economy; being an Abridgment of 
" A Treatise on the Combustion of Coal and the Prevention of Smoke," by 
C. W. Williams, A.I.C.E. With extensive additions on Recent Practice in 
the Combustion and Economy of Fuel—Coal, Coke, Wood, Peat, Petroleum, 
&c.— by D. K. Clark, M.I.C.E. 2nd Edition. 3s. 6d.t {Just published. 

202. LOCOMOTIVE ENGINES, A Rudimentary Treatise on. 
Comprising an Historical Sketch and Description of the Locomotive Engine, 
by G. D. Dempsey, C.E. j with large additions treating of the Modem Loco- 
motive, by D. Kinnear Clark, MJ.C.E. 3s.t {Just published, 

211. THE BOILERMAKER'S ASSISTANT in Drawing, Tern- 
plating, and Calculating Boiler Work and Tank Work, with Rules for the 
Evaporated Power and the Horse Power of Steam Boilers, and the Propor- 
tions of Safety- Valves ; and useful Tables of Rivet Joints, of Circles, 
Weights of Metals, &c. By John Courtney, Practical Boiler Maker. 
Edited by D. K. Clark, C.E. 100 Illustratio ns. 2s. [Just published. 

The X indicates thai these vols, may be had strongly hound at 6d. extra. 
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SHIPBUILDING, NAVIGATION, MARINE 

ENGINEERING, ETC. 

51. NAVAL ARCHITECTURE, the Rudiments of; or an Exposi- 
tion of the Elementary Principles of the Science, and their Practical Appli- 
cation to Naval Construction. Compiled for the Use of Beginners. V>j 
James Pbake, School of Naval Architecture, H.M. Dockyard, Portsmouth. 
Fourth Edition, corrected, with Plates and Diagrams. 3s. 6d.f 
53». SHIPS FOR OCEAN AND RIVER SERVICE, Elementary 
and Practical Principles of the Construction of. By Haron A. Sohmbr- 
FELDT, Surveyor of the Royal Norwegian Navy. With an Appendix, is. 6d. 

53«». AN ATLAS OF ENGRA VINGS to Illustrate the above. Twelve 

large folding plates. Royal 4to, cloth. 78. 6d. 

54. MASTING, MAST^MAKING, AND RIGGING OF SHIPS, 

Rudimentanr Treatise on. Also Tables of Spars, Rigging, Blocks ; Chain, 
"Wire, and Hemp Ropes, &c., relative to every class of vessels. With an 
Appendix of Dimensions of Masts and Yards of the Royal Navy. By Robert 
Kipping, N.A. Fourteenth Edition. Illustrated. 2s4 
54». IRON SHIP-BUILDING. With Practical Examples and Details 
for the Use of Ship Owners and Ship Builders.^ By John Grantham, Con* 
suiting Engineer and Naval Architect. 5th Edition, with Additions. 4s. 
54* ♦. AN ATLAS OF FORTY PLATES to Illustrate the above. 
Fifth Edition. Including the latest Examples, such as H.M. Steam Frigates 
" Warrior," " Hercules,^' " Bellerophon ; " H.M. Troop Ship " Serapis," 
Iron Floating Dock, &c., &c. Ato, boards. 38s. 

55. THE SAILOR'S SEA BOOK: a Rudimentary- Treatise on 

Navigation. Part I. How to Keep the Log and Work it off. Part II. On 
Finding the Latitude and Longitude. By Jambs Grbbnwood, B.A. To 
which are added, the Deviation and Error of the Compass ; Great Circle 
Sailing; the International (Commercial) Code of Signals ; the Rule of the 
Road at Sea; Rocket and Mortar Apparatus for Saving Life; the Law of 
Storms ; and a Brief Dictionary of Sea Terms. With numerous Woodcuts 
and Coloured Plates of Flags. New, thoroughly revised and much cnlargal 
edition. IW W. H. Rosser. 2S. 6d.J [Just published, 

80. MARINE ENGINES, AND STEAM VESSELS, a Treatise 
on. Together with Practical Remarks on the Screw and Propelling Power, 
as used in the Royal and Merchant Navy. By Robert Murray, C.E., 
Engineer-Surveyor to the Board of Trade. With a Glossary of Technical 
Terms, and their Equivalents in French, German, ai^ Spanish. Seventh 
Edition, revised and enlarged. Illustrated. 3s.t 
83 Jw. THE FORMS OF SHIPS AND BOATS: Hints, Experiment- 
ally Derived, on some of the Principles regulating Ship-building. By W. 
Bland. Seventh Edition, revised,with numerous Illustrations and Mode1s.is.6d. 

99. NAVIGATION AND NAUTICAL ASTRONOMY, in Theory 
and Practice. With Attempts to facilitate the Finding of the Time and the 
Longitude at Sea. By J. R. Young, formerly Professor of Mathematics in 
Belfast College. Illustrated. 2s. 6d. 
100*. TABLES intended to facilitate the Operations of Navigation and 
Nautical Astronomy, as an Accompaniment to the above Book. By J. R. 
■YoiTNO. IS. 6d. 
ic^, SHIPS' ANCHORS, 2iTrt2X\st on. By G. Cotskll, N. A. is.6A 
149. SAILS AND SAIL-MAKING, an Elementary Treatise on. 
With Draughting, and the Centre of Effort of the Sails. Also, Weights 
and Sizes of Ropes : Masting, Rigging, and Sails of Steam Vessels, 8cc., 8cc. 
Eleventh Edition, enlarged, with an Appendix. By Robert Kipping, W.A., 
Sailmaker, Quayside, Newcastle. Illustrated. 2s. 6d4 
155. THE ENGINEER'S GUIDE TO THE ROYAL AND 
MERCANTILE NAVIES. By a Practical Engineer. Revised by D. 
F. M'Carthy, late of the Ordnance Survey Office, Southampton. 3s. 

55 PRACTICAL NAVIGATION Consisting of The Sailor's 
^ Sea-Book. By James Greenwood and W. H. Rosser. Together with 

^^. the requisite Mathematical and Nautical Tables for the Working of the 

Z04. Problems. By Henry Law, C.E., and J. R. Young, formerly Professor of 
Illathematics in Belfast College. Illustrated with numerous Wood Engrav- 
ings and Coloured Plates. 7s. Strongly half-bound in leather. 

^^ The X indicates that these vols, may be had strongly bound at 6d. extra, 
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PHYSICAL SCIENCE, NATURAL PHILO- 
SOPHY, ETC. 

1. CHEMISTR F, for the Use of Beginners. By Professor George 

FowNES, F.R.S. With an Appendix on the Application of Chemistry to 
Agriculture, is. 

2. NA TURAL PHILOSOPHY, Introduction to the Study of; for 

the Use of Beginners. By C. Tomlinson, Lecturer on Natural Science in 
King's College School, London. Woodcuts, is. 6d. 
4. MINERALOGY, Rudiments of; a concise View of the Properties 
of Minerals; By A. Ramsav, Jun. Woodcuts and Steel Plates. 3s.t 

6. MECHANICS, Rudimentary Treatise on; being a concise Ex- 

position of the General Principles of Mechanical Science^ and their Applica- 
tions. By Charles Tomlinson. Illustrated, is. 6d. 

7. ELECTRICITY; showing the General Principles of Electrical 

Science, and the purposes to which it has been applied. By Sir W. Snow 
Harris, F.R.S., &c. With Additions b^ R. Sabine, C.E., F.S.A. is. 6d. 
7*, GALVANISM, Rudimentary Treatise on, and the General Prin- 
ciples of Animal and Voltaic Electrici^. By Sir W. Snow Harris. New 
Edition, with considerable Additions by Robert Sabine, C.E., F.S A. is. 6d. 

8. MAGNETISM ; being a concise Exposition of the General Prin- 

ciples of Ma|^etical Science, and the Purposes to which it has been applied. 
By Sir W. Snow Harris. New Edition, revised and enlarged by H. M. 
NoAD, Ph.D., Vice-President of the Chemical Society, Author of "A 
Manual of Electricity," &c., &c. With 165 Woodcuts. 3s. 6d.t 

11. THE ELECTRIC TELEGRAPH; its History and Progress; 

with Descriptions of some of the Apparatus. ByR. Sabine, C.E., F.S.A. 3s. 

12. PNEUMATICS, for the Use of Beginners. By Charlks 

Tomlinson. Illustrated, is. 6d. 
-72. MANUAL OF THE MOLLUSCA ; a Treatise on Recent and 
Fossil Shells. By Dr. S. P. Woodward, A.L.S; With Appendix by 
Ralph Tate, A.L.S., F.G.S. With numerous Plates and 300 Woodcuts. 
6s. 6d. Cloth boards, 7s. 6d. 

79**. PHOTOGRAPHY, Popular Treatise on; with a Description of 
the Stereoscope, &c. Translated from the French of D. Van Monckhovbn, 
by W. H. Thornthwaite, Ph.D. Woodcuts, is. 6d. 

96. ASTRONOMY, By the Rev. R. Main, M.A., F.R.S., &c. 

New Edition, with an Appendix on '* Spectrum Analsrsis." Woodcuts, is. 6d. 

97. STATICS AND DYNAMICS, the Principles and Pi^ctice of; 

embracing also a clear development of Hydrostatics, Hydrodynamics, and 
Central Forces. By T. Baker, C.E. is. 6d. 
138. TELEGRAPH, Handbook of -the; a Manual of Telegraphy, 
Telegraph Clerks' Remembrancer, and Guide to Candidates for Employ- 
ment in the Telegraph Service. By R. Bond. Fourth Edition, revised and 
enlarged : to which is appended, QUESTIONS on MAGNETISM, ELEC- 
TRICITY, and PRACTICAL •TELEGRAPHY, for the Use of Students, 
by W. McGregor, First Assistant Supnt, Indian Gov. Telegraphs, js.t 

i^l. EXPERIMENTAL ESSAYS. By Charles Tomlinson. 

I. On the Motions of Camphor on Water. II. On the Motion of Camphor 
towards the Light. III. History of theModemTheoiy of Dew. Woodcuts, is. 

173. PHYSICAL GEOLOGY, partly based on Major-General Port- 

lock's "Rudiments of Geology." By Ralph Tate, A.L.S.,&c. Woodcuts. 2s. 

174. HISTORICAL GEOLOGY, partly based on Major-General 

Portlock's " Rudiments." By Ralph Tate, A.L.S., &c. Woodcuts, as. 6d. 

173 RUDIMENTARY TREATISE ON GEOLOGY, Physical and 

& Historical. Partly based on Major-General Portlock's "Rudiments of 

J - . Geology." By Ralph Tate, A.L.S., F.G.S., &c., &c. Numerous Illustra- 

' T"* tions. In One Volume. 4s. 6d.t 

183. ANIMAL PHYSICS, Handbook of. By Dr. Lardner, D.C.L., 

Sc formerly Professor of Natural Philosophy and Astronomy in University 

184.. College, Lond. With 520 Illustrations. In One Vol. 7s. 6a., cloth boards. 

*#* Sold also i'n Two Paris, as follows : — 

183. Animal Physics. By Dr. Lardner. Part I., Chapters I— VII. 4s. 

184. Animal Physics. By Dr. Lardner. Part II., Chapters VIII — XVIII. 3s. 

TAe t indicaies thai these vols, may be had strongly bound at 6d, extra. 
7, STATIONERS' HALL COURT, LUDGATE HllA.^ '^.C.* 
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MINING, METALLURGY, ETC- 

117. SUBTERRANEOUS SURVEYING, Elementary and PracUcal 
Treatise on, with and without the Magnetic Needle. By Thomas Fbnwick, 
Surveyor of Mines, and Thomas Baker, C.£. Illustrated. 2s. 6d.$ 

133. METALLURGY OF COPPER ; an Introduction to the Methods 

of Seeking, Mining, and Assaying Copper, and Manufiacturingf its Alloys. 
By Robert H. Lamborn, Ph.D. Wooacuts. 2s. 6d.t 

134. METALLURGY OF SILVER AND LEAD, A Description 

of the Ores ; their Assay and Treatment, and valuable Constituents. By Dr. 
R. H. Lamborn. Woodcuts. 2s. 6d.t 

135. ELECTRO-METALLURGY ; Practically Treated. By Alex- 

ander Watt, F.R.S.S.A. Seventh Edition, revised, with important addi- 
tions, including the Electro-Deposition of Nickel, &c., &c. Woodcuts. 
3s.t [Just published, 

172. MINING TOOLS^ Manual of. For the Use of Mine Managers, 
Agents, Students, &c. Comprising Observations on the Materials from, and 
Processes b^, which they are manufactured ; their Special Uses, Applica- 
tions, Qualities, and Efficiency. By William Morgans, Lecturer on Mining 
at the Bristol School of Mines. 2s. 6d.t 
1 72*, MINING TOOLS, ATLAS of Engiavings to Illustrate the above, 
containing 235 Illustrations of Mining^ Tools, drawn to Scale. 4to. 4s. 6d. ; 
cloth boards, 6s. 

176. METALLURGY OF IRON, a Treatise on the. Containmg 
History ot Iron Manufacture, Methods of Assay, and Analyses of Iron Ores, 
Processes of Manufacture of Iron and Steel, &c. By H. Bauerhan, F.G.S. 
Fourth Edition, enlarged, with numerous Illustrations. 4s. 6d..% 

180. COAL AND COAL MINING, A Rudimentary Treatise on. 

By Warington W. Smyth, M.A., F.R.S., &c.. Chief Inspector of the 
Mines of the Crown and of the Duchy of Cornwall. Fifth Edition, revised 
and enlarged. With numerous Illustrations. 3s. 6d.t \yusi published, 

195. THE MINERAL SURVEYOR AND VALUER'S COM- 
PLETE GUIDE, with new Traverse Tables, and Descriptions of Improved 
Instruments ; also the Correct Principles of Laying out and Valuing Mineral 
Properties. By William Lintern, Mining and Civil Engineer. With 
four Plates of Diagrams, Plans, &c. 3s. 6d.:t 

214. A TREATISE ON SLATE AND SLATE QUARRYING, 
Scientific, Practical, and Commercial. By D. C. Davies, F.G.S. , Mining 
Engineer, &c. With numerous Illustrations and Folding Plates. 3s.t 

• ^ ijust published 

FINE ARTS 

20. PERSPECTIVE FOR BEGINNERS. Adapted to Young 
Students and Amateurs in Architecture, Painting, &c. By Gborgb Pynb, 

40 GLASS STAINING ; or, The Art of Painting on Glass. From 

Sc the German ot Dr. Gbssert. With an Apnendix on Thb Art of Enamel- 

M-, LING, &c. ; together with The Art of Painting on Glass. From the 

^ • German of Emanuel Otto Frombbrg. In One Volume. 2s. 6d. 

69. MUSIC, A Rudimentary and Practical Treatise on. With 
numerous Examples. By Charles Child Spbncbr. 2s. 6d. 

71. PIANOFORTE, The Art of Playing the. With numerous Exer- 
cises and Lessons. Written and Selected firom the Best Masters, by Charles 
Child Sphncbr. js. 6d. 

181. PAINTING POPULARLY EXPLAINED, including Fresco, 

Oil, Mosaic, Water Colour, Water-Glass, Tempera, Encaustic, Miniature, 
Painting on Ivory, Vellum. Pottery, Enamel, Glass, &c. With Historical 
Sketches of the Progress or the Art by Thomas John Gullick, assisted by 
John Times, F.S.A. Fourth Edition, revised and enlarged, with Frontispiece 
and Vignette. 5s.t " 
186. A GRAMMAR OF COLOURING, applied to Decorative 
Painting and the Arts. Bv George Field. New Edition, enlarged and 
adapted to the Use of the Ornamental Painter and Designer. By Elus A. 
Davidson, Author of " Drawing for Carpenters," &c. With two new 
Coloured Diagrams and numerous Engravings on Wood. 3s.t 

7h€ t indicates thai these vols, may be had strongly bound at 6d. extra, 
LONDON ; CROS^^ lOC^N^OQiTk K^T> QO,v 
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AGRICULTURE, GARDENING, ETC. 

29. THE DRAINAGE OF DISTRICTS AND LANDS, By 
G. Drysdalb Dkmpsey, C.E, \/^ew Edition in preparation. 

66. CLAY LANDS AND LOAMY SOILS. By Professor 

Donaldson, is. 
131. MILLER'S, MERCHANTS, AND FARMER'S READY 
RECKONER, for ascertaining at sight the value of any quantity of Com, 
from One Bushel to One Hundred Quarters, at any given price, from j{^i to 
£s pel' Qr* With approximate values of Millstones, Millwork, &c. is. 

140. SOILS, MANURES, AND CROPS, (Vol. i. Outlines of 

Modern Farming.) By R. Scott Burn. Woodcuts. 2s. 

141. FARMING AND FARMING ECONOMY, Notes, Historical 

and Practical, on. (Vol. 2. Outunbs of Modern Farming.) By R.Scott 
Burn. Woodcuts. 38. 

142. STOCK; CATTLE, SHEEP, AND HORSES, (Vol. 3. 

Outlines of Modern Farming.) By R. Scott Burn. Woodcuts. 2s. 6d. 

145. DAIRY, PIGS, AND POULTRY, Management of the. By 

R. Scott Burn. With Notes on the Diseases of Stock. (Vol. 4. Outlines 
OF Modern Farming.) Woodcuts. 2s. 

146. UTILIZATION OF SEWAGE, IRRIGATION, AND 

RECLAMATION OF WASTE LAND. (Vol. 5. Outunes of Modern 
Farming.) By R. Scott Burn. Woodcuts. 2s. oid. 
%* Nos. 140-1-2-5-6, m One Vol., handsomely half-bound, entitled "Outlines of 
Modern Farming." By Robert Scott Burn. Price 12s. 

177. FRUIT TREES, The Scientific and Profitable Culture of. From 
the French of Du Breuil. Revised by Geo. Glennv. 187 Woodcuts. 3s. 6d.t 

198. SHEEP; THE HISTORY, STRUCTURE, ECONOMY, AND 
DISEASES OF. By W. C. Spooner, M.R.V.C, &c. Fourth Edition, 
considerably enlarged; with numerous fine engravings, including some 
specimens of New and Improved Breeds. 366 pp. 3s. 6d.t 

201. KITCHEN GARDENING MADE EASY, Showing how to 
prepare and lay out the eround, the best means of cultivatftig every known 
Vegetable and Herb, with cultural directions for the management of them 
all the year round. By George M. F. Glenny, Editor of *' Glenny's Illus- 
trated Garden Almanack," and Author of " Floriculture," &c. is. 6d.t 

207. OUTLINES OF FARM MANAGEMENT, and the Organic 

zation of Farm Labour: Treating of the General Work of the Farm ; Field 
and Live Stock ; Details of Contract Work ; Specialities of Labour ; Econo- 
mical Management of the Farmhouse and Cottage, and their Domestic 
Animals. By Robert Scott Burn. Numerous Illustrations. 2s. 6d.t 

\yusi published. 

208. OUTLINES OF LANDED ESTATES MANAGEMENT: 

Treating of the Varieties of Lands on the Estate ; Peculiarities of its Farms ; 
Methods of Farming ; the Setting-out of Farms and their Fields ; the Con- 
struction of Roads, Fences, Gates, and the various Farm Buildings ; the 
several Classes of Waste or Unproductive Lands ; Irrigation ; Drainage, 
Plantation, &c. By R. Scott Burn. With numerous Illustrations. 2s. 6d.i 

\Just Published. 
\* Nos. 207 6f 208 in One Vol., handsomely half- bound, entitled ** Outlines of 
Landed Estates and Farm Management." Bv R. Scott Burn. Price 6s. 

209. THE TREE PLANTER AND PLANT PROPAGATQR : 

Being a Practical Manual on the Propagation oi Forest Trees, Fruit Trees, 
Flowering Shrubs, Flowering Plants, Pot-Herbs, &c. ; with numerous Illus- 
trations of Grafting, Layering, Budding, Cuttings, &c.. Useful Implements, 
Houses, Pits, &c. By Samuel Wood, Author of" Good Gardening.*' 2s.t 

[3^ust published. 

210. THE TREE PRUNER : Being a Practical Manual on the 

Pruning of Fruit Trees, including also their Training and Renovation, with 
the Best Method of bringing Old ^nd Worn-out Trees into a State of 
Bearing ; also treating of the Pruning of Shrubs, Climbers and Flowering 
Plants. With numerous Illustrations. By Samuel Wood, Author of " Good 
Gardening," &c. 2s.t [^ust published. 

%• JVos. 209 &* 210 in One Vol., handsomely half-bound, entitled "The Tree 
Planter, Propagator and Pruner." By Samuel Wood. Price ss. 

The X indicates that these vols, may be had strongly bound at bd. extra. 
7, STATIONERS' HALL COURT, LUDGATiL ^YiA.^ ^.^. 
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ARITHMETIC, GEOMETRY, MATHEMATICS, 

ETC. 

32. MATHEMATICAL INSTRUMENTS, a Treatise on; in which 
their Construction and the Methods of Testing, Adjusting, and Using them 
are concisely Explained. By J. F. Heather, M. A., of the Royal Military 
Academy, Woolwich. Original Edition, in i vol.. Illustrated, is. 6d. 

»«* In ordering the above^ be careful io say^ " Original Edition '* {,No, 32), to distin- 
guish it from the Enlarged Edition in 3 vols. {Nos. 168-9-70.) 

60. LAND AND ENGINEERING SURVEYING, a Treatise on; 
with all the Modern 'Improvements. Arranged for the Use of Schools and 
Private Students ; also for Practical Land Surveyors and Engineers. By 
T. Baker, C.E. New Edition, revised by Edward Nugent, C.E. Illus- 
trated with Plates and Diagrams, ss.t 

61^, READY RECKONER FOR THE ADMEASUREMENT OP 
LAND. By Abraham Arhan, Schoolmaster, Thurleieh, Beds. To which 
is added a Table, showing the Price of Work, from as. 6d. tO;^i per acre, and 
Tables for the Valuation of Land, from is. to £1,000 per acre, and from one 
pole to two thousand acres in extent, &c., &c. zs. 6d. 

76. DESCRIPTIVE GEOMETRY, an Elementary TreaUse on; 
with a Theory of Shadows and of Perspective, extracted from the French of 
G. MoNGB. To which is added, a description of the Principles and Practice 
of Isometrical Projection ; the whole being intended as an introduction to the 
Application of Descriptive Geometry to various branches of the Arts. By 
J. F. Hbathbii, M.A. Illustrated with 14 Plates. 2s. 

178. PRACTICAL PLANE GEOMETRY: giving the Simplest 

Modes of Constructing Figures contained in one Plane and Geometrical Con- 
struction of the Ground. By J. F. Hbathbr, M.A. 'With 215 Woodcuts. 2s. 

179. PROJECTION: Orthographic, Topographic, and Perspective; 

giving the various Modes of Delineating Solid Forms by Constructions on a 
ingle Plane Surface. By J. F. Hbathbr, M.A. [/« preparation* 

•«* The above three volumes will form a Complete Elementary Course of 

&f ATHBMATICAL ^)rAWTNG 

83. COMMERCIAL BOOKKEEPING. With Commercial Phrases 

and Forms in English, French, Italian, and German. By James Haddon, 
M.A., Arithmetical Master of King's College School, London, zs. 6d. 

84. ARITHMETIC, a Rudimentary Treatise on : with full Explana- 

tions of its Theoretical Principles, and numerous Examples for Practice. For 
the Use of Schools and for Self-Instruction. Bj J. R. Young, late Professor 
of Mathematics in Belfast College. New Edition, with Index, is. 6d. 

84*. A Key to the above, containing Solutions in full to the Exercises, together 
with Comments, Explanations, and Improved Processes, for the Use of 
■ Teachers and Unassisted Learners. By J. R. Young, is. 6d. 

85. EQUA TIONAL ARITHMETIC, applied to Questions of Interest, 
8^*. Annuities, Life Assurance, and General Commerce ; with various Tables by 

which all Calculations may be greatly facilitated. By W. Hipslby. 2s. 

86. ALGEBRA, the Elements of. By James Haddon, M.A., 

Second Mathematical Master of King's College School. With Appendix, 
containing miscellaneous Investigations, and a Collection of Problems in 
various parts of Algebra. 2s. 
85*. A Key and Companion to the above Book, forming an extensive repository of 
Solved Examples and Problems in Illustration of the various Expedients 
necessary in Algebraical Operations. Especially adapted for Self- Instruc- 
tion. By J. R. Young, is. 6d. 

88. EUCLID, The Elements of : with many additional Propositions 

go, and Explanatory Notes : to which is prefixed, an Introductory Essay on 
Logic. By Henry Law, C.E. 2s. 6d.t 

•«• Sold also separately, viz, : — " 
Euclid, The First Three Books. By Henry Law, C.E. is. ' 
Euclid, Books 4, 5, 6, 11, 12. By Henry Law, C.E. is. 6d. 

The % indicates that these vols, may be had strongly bound at 6d. extra, 

LONDON : CROSBY LOCKWOOD AND CO., 
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thmetic, Geometry, Mathematics, etc., continued, 

). ANALYTICAL GEOMETRY AND CONIC SECTIONS, 

a Rudimentary Treatise on. By Jamrs Hann, late Mathematical Master of 
King's College School, London. A New Edition, re-written and enlarged 
by J. R. Young, formerly Professor of Mathematics at Belfast College. 2s.t 

I. PLANE TRIGONOMETRY, the Elements of. By James 

Hann, formerly Mathematical Master of King's College, London, xs. 

5. SPHERICAL TRIGONOMETR F, the Elements of. By James 

Hann. Revised by Charles H. Dowlino, C.E. is. 
%• Or with " The Elements of Plane Trigonometry,** in One Volume, 2s. 

(. MENSURATION AND MEASURING, for Students and Prac- 
tical Use. "With the Mensuration and Levelling of Land for the Purposes of 
Modem Engineering. By T. Baker, C.E. New Edition, with Corrections 
and Additions by E. Nugent, C.E. Illustrated, is. 6d. 

». MEASURES, WEIGHTS, AND MONEYS OF ALL NA- 
TIONS, and an Analysis of the Christian, Hebrew, and Mahometan 
Calendars. By W. S. B. Woolhousb, F.R.A.S. [Reprinting. 

!. INTEGRAL CALCULUS, Rudimentary Treatise on the. By 
HoMERSHAM Cox, B.A. Illustrated, is. 

J. INTEGRAL CALCULUS, Examples on the. By James Hann, 

late of King's College, London. Illustrated, is. 

[. DIFFERENTIAL CALCULUS, Elements of the. By W. S. B, 
WooLHOUSE, F.R.A.S., &c. is. 6d. 

y MNEMONICAL LESSONS. — Gzometky, Algebra, and 

Trigonometry, in Easy Mncmonical Lessons. By the Rev. Thomas 

Penvngton Kirkman, M.A. is. 6d. 
5. ARITHMETIC, Rudimentary, for the Use of Schools and Self- 

Instruction. By James Haddon, M.A. Revised by Abraham Arman. 

is. 6d. 
J. A Key to Haddon's Rudimentary Arithmetic. By A. Arman. is. 6d. 

3. DRAWING AND MEASURING INSTRUMENTS. Includ- 
ing — I. Instruments employed, in Geometrical and Mechanical Drawing, 
and in the Construction, Copying, and Measurement of Maps and Plans. 
II. Instruments used for the purposes of Accurate Measurement, and for 
Arithmetical Computations. By J. F. Heather, M.A^ late of the Royal 
Military Academy. Woolwich, Author of " Descriptive Geometry," &c., &c. 
Illustrated, is. 6a. 

^ OPTICAL INSTRUMENTS. Including (more especially) Tele- 
scopes. Microscopes, and Apparatus for producing copies of Maps and Plans 
by Photography. By J. F. Heather, M.A. Illustrated, is. 6d. 

5. SURVEYING AND ASTRONOMICAL INSTRUMENTS. 

Including — I. Instruments Used for Determining the Geometrical Features 

of a portion of Ground. II. Instruments Employed in Astronomical Observa> 

tions. By J. F. Heather, M.A. Illustrated, is. 6d. 

The above three volumes form, an enlargement of the Author's original tvorh, 

" Mathematical Instruments: their Construction, Adjustment, Testing, and Use, 

the Thirteenth Edition of which is on sale, price is. 6d. {See No. 32 in the Series.) 

%.^MATHEMATICAL INSTRUMENTS. By J. F. Heather, 

9. r M.A. Enlarged Edition, for the most part entirely re-wntten. The 3 Parts as 
0.) above, in One thick Volume. With numerous Illustrations. 4s. 6d.t 

8. THE SLIDE RULE, AND HOW TO USE IT; containing 
full, easy, and simple Instructions to perform all Business Calculations with 
unexampled rapidity and accuracy. By Charles Hoare, C.E. With a 
Slide Rule in tuck of cover. 3s. t 

5. THE COMPLETE MEASURER ; setting forth the Measure- 
ment of Boards, Glass, &c., &c. ; Unequal-sided, Square-sided, Octagonal- 
sided^ Round Timber and Stone, and Standing Timber. With a Table 
showmg the solidity of hewn or eight-sided timber, or of any octagonal- 
sided column. Compiled for Timber-growers, Merchants, and Surveyors, 
Stonemasons, Architects, and others. By Richard Horton. Third 
Edition, with valuable additions. 4s. ; strongly bound in leather, 5s. 

The t indicates that these vols, may be had strongly bound at 6d. extra, ■ 
7, STATIONERS' HALL COURT, LUDGATE HILLs £.C. 
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Arithmetic, Geometry, Mathematics, etc., continued, 

196. THEORY OF COMPOUND INTEREST AND ANN 
TIES ; with Tables of Logarithms for the more Difficult Compntation! 
Interest, Discount, Annuities, &c. By Ftf t)OR Thoman, of the Societ6 Cr 
Mobilier, Paris. 4s.t 

199. INTUITIVE CALCULATIONS; or, Easy and Compendi 
Methods of Performing the various Arithmetical Operations required 
Commercial and Business Transactions ; together with Full Explanation 
Decimals and Duodecimals, several Useful Tables, and an Examination 
Discussion of the best Schemes for a Decimal Coinage. By Dai 
O'GoRMAN. Twenty-fifth Edition, corrected and enlarged by J. R. Yoi 
formerly Professor of Mathematics in Belfast College. 354 

204. MATHEMATICAL Z^^ffZ^.V, for Trigonometrical, Astronomi< 
and Nautical Calculations ; to which is prefixed a Treatise on Logarith 
By Henry Law, C.E Together with a Series of Tables for Navigai 
and Nautical Astronomy. By J. R. Young, formerly Professor of Mai 
matics in Belfast College. New Edition. 3s. 6d.t \Ju5t fublishei 



MISCELLANEOUS VOLUMES. 

3O. A DICTIONARY OF TERMS used in ARCHITECTUh 
BUILDING, ENGINEERING, MINING, METALLURGY, ARCH 
OLOGY, the FINE ARTS, &*c, ByJoHNWEALE. Fifth Edition. Revi 
by Robert Hunt, F.R.S., Keeper of Mining Records. Numerous U 
trations. 5s. cloth limp ; 6s. cloth boards. 

50. THE LAW OF CONTRACTS FOR WORKS AND SL 
VICES. By David Gibbons. Third Edition, enlarged. 3s.t 

112. MANUAL OF DOMESTIC MEDICINE. By R. GooDU 
B.A., M.D. Intended as a Family Guide in all Cases of Accident 
Emergency, as.t 

II2». MANAGEMENT OF HEALTH. A Manual of Home i 
Personal Hygiene. By the Rev. James Baird, B.A. is. 

150. LOGIC i Pure and Applied. By S. H. Emmens. is. 6d. 

152. PRACTICAL HINTS FOR INVESTING MONEY, W 
an Explanation of the Mode of Transacting Business on the Stock Exchai 
By Francis Playford, Sworn Broker, is. 6d. 

ISZ. SELECTIONS FROM LOCKE'S ESSAYS ON Tl 
HUMAN UNDERSTANDING. With Notes by S. H. Emmens. 2s. 

154. GENERAL HINTS TO EMIGRANTS. Containing Noti 
of the various Fields for Emigration. With Hints on Preparation 
Emigrating, Outfits, &c., &c. With Directions and Recipes useful to 
Emigrant. With a Map of the World. 2s. 

157. THE EMIGRANTS GUIDE TO NATAL. By RoBi 
James Mann, F.R.A.S., F.M.S. Second Edition, carefully corrected 
the present Date. Map. 2s. 

193. HANDBOOK OF FIELD FORTIFICATION, intended fori 

Guidance of Officers Preparing for Promotion, and especially adapted to 
requirements of Beginners. By Major W. W. KNOLLYS, F.R.G.S., 9 
Sutherland Highlanders, &c. With 163 Woodcuts. 334 

194. THE HOUSE MANAGER: Being a Guide to Housekeepii 

Practical Cookery, Pickling and Preserving, Household Work. Dj 
Management, the Table and Dessert, Cellarage of Wines, Home-brew 
and Wine-making, the Boudoir and Dressing-room, Travelling, Sta 
Economy, Gardening Operations, &c. By An Old Housekeeper. 3s. 6< 

194. HOUSE BOOK {The). Comprising:—!. The House Managi 
112. By an Old Housekeeper. II. Domestic Medicine. By Ralph Goodi 
o^ ' M.D. III. Management of Health. By James Baird. In One V 
strongly half-bound. 6s. 
112*, 



The X indicates that tfcese vols, may be Had strongl;^ bo\moJ at 6d. extra. 



LONDON : CILOSB^ LOCYLN^CiQ^ KSli ^<^.^ 



weale's educational and classical series. 13 
EDUCATIOITAL AND CLASSICAL SERIES. 

■ IM I ■■■ ■■■■ -».. ■ ■ ■ I ^1 ■ ^M^^^M^^ 

HISTORY. 

I. England, Outlines of the History of; more especially with 

reference to the Ori^n and Progress of tibe Enelish Constitution. By 
William Douglas Hamilton, F.S.A.. of Her A^jesty's JPublic Record 
Office. 4th Edition, revised. 5s. ; clotn boards, 6s. 

$. Greece, Outlines of the History of: in connection with the 

Rise of the Arts and Civilization in Europe. By W. Douglas Hamilton. 
of University College, London, and Edward Lbvibn, M.A., of Balliof 
College, Oxford. 2s. 6d. ; cloth boards, 3s. 6d. 

7. Rome, Outlines of the History of: from the Earliest Period 

to the Christian Era and the Commencement of the Decline of the Empire. 
Hy Edward Levien, of Balliol College, Oxford. Map, 2s. 6d. ; cl. bds. 3s. 6d. 

9. Chronology of IJistory, Art, Literature, and Progress, 

from the Creation oi the World to the Conclusion of the Franco-German War. 
The Continuation by W. D. Hamilton, F.S.A. 3s. ; cloth boards, 3s. 6d. 

50. Dates and Events in English History, for the use of 

Candidates in Public and Private Examinations. By the Rev. £. Rand. is. 

ENGLISH LANGUAGE AND MISCELLANEOUS. 

i II. Grammar of the English Tongue, Spoken and Written. 

*' With an Introduction to the Study of Comparative Philology. By Hydb 

Clarke, D.C.L. Third Edition, is. 6d. 

II*. Philology : Handbook of the Comparative Philology of English, 

Anglo-Saxon, Frisian, Flemish or Dutch, Low or Piatt Dutch, High Dutch 

or German, Danish, Swedish, Icelandic, Latin, Italian, French, Spanish, and 

1; Portuguese Tongues. By Hyde Clarke, D.C.L. is. 

^ 12. Dictionary of the English Language, as Spoken and 

Written. Containing above 100,000 Words. By Hyde Clarke, D.C.I*. 
3s. 6d. ; cloth boards, 4s. 6d. ; complete with the Grammar, cloth bds., 5s. 6d. 
48. Composition and Punctuation, familiarly Explained for 
tliose who have neglected the Study of Grammar. By Justin Brbnan. 
17th Edition, is. 6d. 

T^ 49. Derivative Spelling-Book: Giving the Origin of Every Word 

n, from the Greek, Latin, Saxon, German, Teutonic, Dutch, French, Si)anish, 

and other Languages ; with their present Acceptation and Pronunciation. 
|d| By J. Rowbotham, F.R.A.S. Improved Edition, is. 6d. 

^ 51. The Art of Extempore Speaking: Hints for the Pulpit, the 

Senate, and the Bar. By M. Bautain, Vicar-General and Professor at the 
• Sorbonne. Translatedfrom the French. 7th Edition, carefully corrected. 2s.6d. 

J 52. Mining and Quarrying, with the Sciences connected there- 
' • with. First Book of, for Schools. By J. H. Colons, F.G.S., Lecturer to 

the Miners' Association of Cornwall and Devon, zs. 

tf 53. Places and Facts in Political and Physical Geography, 

I* for Candidates in Examinations. By tbe Rev. Edgar Rand, B.A. is. 

54. Analytical Chemistry, Qualitative and Quantitative, a Course 

r# of. To which is prefixed, a Brief Treatise upon Modem Chemical Nomencla- 

pf ture and Notation. By Wm. W. Pink and George E. Webster. 2s. 

4 THE SCHOOL MANAGERS' SERIES OF READING 

BOOKS, 

■ Adapted to the Requirements of the New Code. Edited by the Rev. A. R. Grant, 
>l Rector of Hitcham, and Honorary Canon of Ely ; formerly H.M. Inspector 

•J of Schools. 

=» Introductory Primer, 3d. 

1. d. 
Fourth Standard • ,.12 
Fifth „ • • . z 6 

Sixth „ ...16 

Lessons from the Bible. Part I. Old Testament, is. 
Lessons from the Bible. Part II. New Testament, to which is added 
The Geography of the Bible, for very young Children. By Rev. C. 
Thornton Forsteh^ is. 2d. %* Or the Two Parts in One Volume. 2s. 

7, stationers' HALL COURT, LUDGATE HILL^ B.»C* 
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FRENCH. 

24. French Grammar. With Complete and Concise Rules on the 

Genders of French Nouns. By G. L. Strauss, Ph.D. is. 6d. 

25. French-English Dictionary. Comprising a large number of 

New Terms used in Bagineering, Mining, &c. By Alfred Elwbs. xs. 6d. 

26. English-French Dictionary. By Alfred Elwes. 2s. 
25,26. French Dictionary (as above). Complete, in One Vol., 3s.; 

cloth boards, 3s. 6d. \* Or with the Grammar, cloth boards, 4s. 6d. 

47. French and English Phrase Book : containing Intro- 
ductory Lessons, with Translations, several Vocabularies of Words, a Col* 
lection of suitable Phrases, and Easy Familiar Dialogues, xs. 

GERMAN. 

39. German Grammar, Adapted for English Students, from 

Heyse's Theoretical and Practical Grammar, by Dr. G. L. Strauss, is. 

40. German Reader : A Series of Extracts, carefully culled from the 

most approved Authors of Germany; with Notes, Philological and Ex- 
planatory. By G. L. Strauss, Ph.D. xs. 

41. German Triglot Dictionary. By Nicholas Esterhazy 

S. A. Hamilton. Part I. English-German-French, xs. 

42. Gernaan Triglot Dictionary. Part II. German-French* 

English, xs. 

43. Gemaan Triglot Dictionary. Part III. French-German- 

English, xs. 
41-43. German Triglot Dictionary (as above), in One Vol., 3s.; 

cloth boards, 4s. %* Or with the German Grammar, cloth boards, 5s. 

ITALIAN. 

27. Italian Grammar, arranged in Twenty Lessons, with a Course 

of Exercises. By Alfred Elwks. is. 6d. 

28. Italian Triglot Dictionary, wherein the Genders of all the 

Italian and French Nouns are carefully noted down. By Alfred Elwbs. 
Vol. X. Italian-English-French. 2s. 6d. 

30. Italian Triglot Dictionary. By A. Elwks. Vol. 2. 

English-French-Italian. 2s. 6d. 

32. Italian Triglot Dictionary. By Alfred Elwes. Vol. 3. 

French-Italian-English. 2S. 6d. 

28,30, Italian Triglot Dictionary (as above). In One Vol., 7s. 6d. 

32. Cloth boards. __^_ 

SPANISH AND PORTUGUESE. 

34. Spanish Grammar, in a Simple and Practical Form. . With 

a Course of Exercises. By Alfred Elwbs. xs. 6d. 

35. Spanish-English and English-Spanish Dictionary. 

Including a large number of Technical Terms used in Mininp, Engineering, &c., 
with the proper Accents and the Gender of every Noun, l^y Alfred Elwes. 
4S. ; cloth boards, ss. %* Or with the Grammar, cloth boards, 6s. 

55. Portuguese Grammar, in a Simple and Practical Form. 

With a Course of Exercises. By Alfred Elwes. is. 6d. 

56. Portuguese- English and English-Portuguese Dic- 

tionary, with the Genders of each Noun. By Alfred Elwes. 

[/« preparation. 

HEBREW. 

46*. Hebrew Grammar By Dr. Bresslau. is. 6d. 

44. Hebrew and English Dictionary, Biblical and Rabbinical; 

containing the Hebrew and Chaldee Roots of the Old Testament Post- 
Rabbinical Writings. By Dr. Bresslau. 6s. %• Or with the Grammar, 7s. 

46. English and Hebrew Dictionary. By Dr. Bresslau. 3s. 

44,46. Hebrew Dictionary (as above), in Two Vols., complet^e, with 

^6: the Grammar, c\otb boards , 12s. ^ 

LONDON ; CICOSBX 1.0CYw\iOOTi K^\> C<^»^ 
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LATIN. 

19. Latin Grammar. Containing the Inflections and Elemental^ 

Principles of Translation and Construction. By the Rev. Thomas Goodwin, 
: M.A., Head Master of the Greenwich Proprietary School, is. 

20. Latin-English Dictionary. By the Rev. Thomas Goodwin, 

M.A. 2S. 

I 22. English-Latin Dictionary; together with an Appendix of 

f French and Italian Words which have their origin from the Latin. By the 

Rev. Thomas Goodwin, M.A. is. 6d. 
20,22. Latin Dictionary (as above). Complete in One Vol., 3s. 6d. ; 

cloth boards, 4s. 6d. %• Or with the Grammar, cloth boards, 5s. 6d. 

LATIN CLASSICS. With Explanatory Notes in EngUsh. 
i< Latin Delectus. Containing Extracts from Classical Authors, 
with Genealogical Vocabularies and Explanatory Notes, by H. Young, is. 

2. Caesaris Commentarii de Bello Gallico. Notes, and a Geographical 

Register for the Use of Schools, by H. Young. 2S. 

3. Cornelius N epos. With Notes. By H. Young, is. 

4. Virgilii Maronis Bucolica et Georgica. With Notes on the Buco- 

lics by W. RusHTON, M.A., and on the Greorgics by H. Young, is. 6d. 

5. Virgilii Maronis -^neis. With Notes, Critical and Explanatory, 

by H. Young. New Edition, revised and improved. With copious Addi- 
tional Notes by Rev. T. U. L. Lbary, D.C.L., tormerly Scholar of Brasenose 
College, Oxford. 3s. 

5* Part I. Books i. — ^vi., is. 6d. 

5** Part 2. Books vii. — xii., 2S. 

6. Horace; Odes, Epode, and Carmen Saeculare. Notes by H. 

Young, is. 6d. 

7. Horace; Satires, Episties, and Ars Poetica. Notes by W. Brown- 

rigg Smith, M.A., F.R.G.S. is. 6d. 

8. Sallustii Crispi Catalina et Bellum Jugurthinum. Notes, Critical 

and Explanatory, by W. M. Donne, B JV.., Trin. Coll., Cam. is. 6d. 

9. Terentii Andria et Heautontimorumenos. With Notes, Critical 

and Explanatory, by the Rev. Jambs Davies, M.A. is. 6d. 

10. Terentii Adelphi, Hecyra, Phormio. Edited, with Notes, Critical 

and Explanatory, by the Rev. James Davies, M.A. 2s. 

1 1. Terentii Eunuchus, Comcedia. Notes, by Rev. J. Davies, M.A. 

IS. 6d. 

12. Ciceronis Oratio pro Sexto Roscio Amerino. Edited, with an 

Introduction, Analysis, and Notes, Explanatory and Critical, by the Rev. 
James Davies, M.A. is. 

13. Ciceronis Orationes in Catilinam, Verrem, et pro Archia. 

With Introduction, Analysis, and Notes, Explanatory and Critical, by Rev. 
T. H. L. Lbary, D.C.L. formerly Scholar of Brasenose College, Oxford. 
IS. 6d. 

14. Ciceronis Cato Major, Laelius, Brutus, sive de Senectute, de Ami- 

citia, de Claris Oratoribus Dialogi. With Notes by W. Brownrigg Smith, 
M.A., F.R.G.S. 2s. 

16. Livy : History of Rome. Notes by H. Young and W. B. Smith, 

M.A. Part i. Books i., ii., is. 6d. 
16"*. Part 2. Books iii., iv., v., is. 6d. 

17. Part 3. Books xxi., xxii., is. 6d. 

19. Latin Verse Selections, from Catullus, Tibullus, Propertius, 

and Ovid. Notes by W. B. Donne, M.A., Trinity College, Cambridge. 2s. 

20. Latin Prose Selections, from Varro, Columella, Vitruvius, 

Seneca, Quintilian, Florus, Velleius Paterculus, Valerius Maximus Sueto- 
nius, Apmeius, &c. Notes by W. B. Donne, M.A. 2s. 

21. Juvenalis Satirae. With Prolegomena and Notes byT. H. S. 

JscoTT, B.A., Lecturer on Logic at King's College, London. 2s. 

7, stationers' hall COURT, LUDGATE HILL, 1E.»C» 
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GREEK. 

14. Greek Grammar, in accordance with the Principles a^} Phil( 

logical Researches of the most eminent Scholars of our own dayTBy Ha; 
Claude Hamilton, is. 6d. 

15,17. Greek Lexieon. Containing all the "Words in General Use, wi 
their Significations, Inflections, and Doubtful Quantities. By Henry ] 
Hamilton. Vol. i. Greok-English, as. ; Vol. 2. Eoglish-Greek, 2s. Or t 
Two Vols, in One, 48. ; cloth boards, 5s. 

[4,15. Greek Lexicon (as above). Complete, with the Grammar, 

17. One Vol., cloth boards, 6s. 

GREEK CLASSICS. With Explanatory Notes in English. 
I. Greek Delectus. Containing Extracts from Classical Authoi 
with Genealogical Vocabularies and Explanatory Notes, by H. Young. N< 
Edition, with an improved and enlai^d Supplementary Vocabulary, by Joi 
Hutchison, M.A., of the High School, Glasgow, is. 6d. 
2, 3. Xenophon's Anabasis ; or, The Retreat of the Ten Thousan 
Notes and a Geographical Register, by H. Young. Part i. Books i. to ii 
IS. Part 2. Books iv. to vii., is. 

4. Lucian's Select Dialogues. The Text carefully revised, wi 

Grammatical and Explanatory Notes, by H. Young, is. 6d. 
5- 1 2. Homer, The "Works of. According to the Text of Baeumlei 
With Notes, Critical and Explanatory, drawn from the best and lat< 
Authorities, with Preliminaxy Observations and Appendices, by T. H. 
Lbarv, M.A., D.C.L. 
The Iliad : Part i. Books i. to vi., is.6d. Part 3. Books xiii. to xviii., is. ( 
Part 2. Books vii. to xii., is. 6d. Part 4. Books xix. to xxiv., is. 6 
The Odyssey: Part i. Books i. to vi., is. 6d Part 3. Books xiii. to xviii., is. ( 
Part 2. Books vii. to xii., IS. 6d. Part 4. Books xix. to xxiv., a 

H3rmns, 2s. 
13. Plato's Dialogues : The Apology of Socrates, the Crito, ai 
the Phaedo. From the Text of C. F. Hermann. Edited with Notes. Criti< 
and Explanatory, by the Rev. James Davibs, M.A. 2s. 
14-17. Herodotus, The History of, chiefly after the Text of Gaisfor 
With Preliminary Observations and Appendices, and Notes, Critical a 
Explanatory, by T. H. L. Leary, M.A., D.C.L. 

Part I. Books i.j ii. (The Clio and Euterpe), 2s. 

Part 2. Books iii., iv. (The Thalia and Melpomene), 2S. 

Part 3. Books v.-vii. (The Terpsichore, Erato, and Poljrmnia), 2S. 

Part 4. Books viii., ix. (The Urania and Calliope) and Index, is. 6d 

18. Sophocles: (Edipus Tyrannus. Notes by H. Young, is. 
20. Sophocles: Antigone. From the Text of Dindorf. Not( 

Critical and Explanatory, by the Rev. John Milner, B.A. 2s. 
23. Euripides : Hecuba and Medea. Chiefly from the Text of Dr 
DORF. With Notes, Critical and Explanatory, 'by W. Brownrigg Smh 
M.A., F.R.G.S. IS. 6d. 

26. Euripides: Alcestis. Chiefly from the Text of Dindorf. Wi 

Notes, Critical and Explanatory, by John Milner, B.A. is. 6d. 
30. -^schylus : Prometheus Vinctus : The Prometheus Bound. Frc 

the Text of Dindorf. Edited, with English Notes, Critical and Explanato 

by the Rev. James Davies, M.A. is. 
32. .^schylus : Septem Contra Thebes : The Seven against Thebi 

From the Text of Dindorf. Edited, with English Notes, Critical and I 

planatory, by the Rev. James Davies, M.A. is. 

40. Aristophanes : Achamians. Chiefly from the Text of C. '. 

Weise. With Notes, by C. S. T. Townshend, M.A. is. 6d. 

41. Thucydides : History of the Peloponnesian War. Notes by i 

Young. Book i. is. « ., ^t ^ , , 

42. Xenophon's Panegyric on Agesilaus. Notes and Inti 

duction by Ll. F. W. Jkwitt. is. 6d. j .v -r^, .,. • 

43. Demosthenes. The Oration on the Crown and the Philippn 

With English Notes. By Rev. T. H. L.Lbary, D.C.L., formerly Scholar 
Brasenose College, Oxford, is. 6d. ^ 
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